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Introduction 


This manual explains functions of the system controller and how they are used. The system 
controller transfers data rapidly and smoothly by means of the bus controls. 


Explanation of Terms 


The following terms are used in this manual. 


SCU 


Main CPU 


VDP1 


VDP2 


SCSP 


System Control Unit. The SCU contains the CPU I/F, A-Bus IF, B-BUS I/F, and 
smoothly effects data transfers between several processors connected through 
their respective I/F and bus. It also internally houses the DMA controller, 
interrupt controller, and DSP, and makes possible rapid DMA control, interrupt 
control, and processing of operations. 


Uses a RISC type CPU SH2 that controls the overall system. SH2 contains 32-bit 
internal and external buses. 


Video Display Processor 1. Functions include character and line painting, color 
indication, Gouraud Shading color operations, screen output coordinate indica- 
tion, and frame buffer display control. 


Video Display Processor 2. Functions include scrolling the screen up/down/ 
left/right, rotating the screen, determining priority order of multiple screens, and 
a priority function that controls the image process of color operations and color 
offset. 


Acronym for Saturn Custom Sound Processor. This is a sound source LSI for 
multi-functional games that combines a PCM sound source and sound used for 
the DSP. 


SMPC 


Data 


A_ Bus 


B_Bus 


System Manager and Peripheral Control. Has the functions of managing system 
resets, control of interfacing with output devices (control pads, mouse, etc.), time 
display by a real time clock, and battery backup. 


A bit is the smallest unit for expressing 1 or 0. 8 bits is a byte. 16 bits (or 2 bytes) 
is a word. 32 bits (or 4 bytes) is a 9 long word. 


Bus that connects external devices such as a ROM cassette or CD. 


Bus that connects VDP1, VDP2, and SCSP. 


ul 


Manual Notations 


This manual contains the following notations. 


Binary Represented by “8” at the end as in 1008. However, “8” may be omitted 
for 1 bit. 

Hexadecimal Represented by at the end as in 00H and FFu. 

Unit 1 KByte is 1,024 bytes. 1 Mbit is 1,048,576 bits. 

MSB, LSB The configuration of byte and word shows at the left the high order bit 
(MSB, most significant bit), and atthe right the low order bit (LSB, least 
significant bit). 

Undefined Bit A bit not defined by an instruction word is represented by “—” 

(R) Represents read only data. 

(W) Represents write only data. 

(R/W) Represents data that can be read and written. 

+4 Shows increments. For example, when the CTO register is incremented, it 


is shown as CTO0++. 


x=2-0 This indicates that 3 types exist, 2,1, and 0. For example, DxR26-0[x=2-0] 
in the read address in section 3.2 “DMA Control Register” means that 
D2R26-0, D1R26-0, and DOR26-0 exist. Similarly, D2R26-0 indicates that 
D2R26 ~ D2RO exist. 
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SCU User’s Manual 


1.1 SCU Overview 


The SCU (System Control Unit) contains a CPU I/F, A-Bus I/F, and B-Bus I/F. It 
smoothly interfaces multiple processors connected through their respective I/Fs and 
buses. Also contained inside are the DMA controller, interrupt controller, and DSP. 


The DMA controller controls the internal level 2-0 as well as DSP total 4 channel 
DMA transfer, and allows the free transfer of data between the CPU, A-Bus, and B- 
Bus. Using the CPU-Bus, the CPU can access the work area while executing the 
DMA of the A-Bus and B-Bus. The DSP region must be used in data transfer request 
from the DSP. For instance, DMA transfer with the A-Bus and B-Bus not using the 
DSP region cannot request that data be transfered from the DSP. 


The interrupt controller includes interrupts from the A-Bus, B-Bus, and System 
Manager, and controls all interrupts within the SCU. It also supports interrupt by 
timers and can produce interrupts that are in sync with the screen. 


DSP can handle processes that cannot be handled by the main CPU when its load 
has been exceeded. DSP operates at half the frequency of the main CPU. As a result, 
one step takes about 70 nsec. 


System Diagram 

A diagram of the system is shown in Figure 1.1. The Work RAM-H, Work RAM-L, 
Backup RAM, IPL ROM, and SMPC are connected to the CPU-Bus. The CPU-Bus 
controls the system reset signal and control pad. The medium that supplies the CD 
or cartridge software is an external system connected to the A-Bus. VDP1, VDP2, 
and SCSP are connected to the B-Bus and control picture and sound. 


INT Signal 


Main 
CPU CPU-Bus 


WORK || WORK |/BACKUP}} IPL 


Figure 1.1 Diagram of System 





Block Diagram 

A block diagram of the SCU is shown in Figure 1.2. As previously mentioned, the 
CPU interface, A-Bus, and B-Bus interfaces, and the DMA controller, interrupt con- 
troller, and DSP are contained in the SCU. All interfaces and controllers are con- 
nected by buses, making transfer of data possible. 


The CPU I/F and A-Bus I/F connections are through two buses. The upper bus is 
connected through the register. The lower bus is a connection used in transferring 
data. Therefore, DMA transfer is done using the lower bus. 





Figure 1.2 Block Diagram 
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1.2 SCU Mapping 


Figure 1.3 shows the mapping operation. 


00000000 H ROM Access Region 512 Kbyte 


00080000 H 


pee eeH SMPC Region 128 byte 


00100080 H 


00180000 H Backup-RAM Region 64 Kbyte 


00190000 H 


00200000 H Work-RAM-L Region 1 Mbyte 


00300000 H 


pfannone MINIT Region 4 byte 


01000004 H 
astmuunna SINIT Region 4 byte 
01800004 H —— 


02000000 H ————— 


05900000 H 1 Mbyte 


05A00000 H Sound Region about 1 Mbyte 


OSBOOEE4 H 


05C00000 H VDP 1 Region 192 Kbyte 


05CC0000 H 

ary _ 2a byte 

0500018 H VDP 1 Region 24 byte 

ae “Sie Ke 
VDP2R 

GeEseb0e Cl egion 512 Kbyte 


05F00000 H VDP 2 Reai ___4 Kbyte _ 
05F01000 H =o 4 Kbyte 


05F80000 H VDP 2 Region 288 byte 


05F80120 H 
O5FE0000 H SCU Register Region 208 byte 
O5FEOODO H 


06000000 H Work RAM-H Region 1 Mbyte 
06100000 H 
O7FFFFFF H 


a] Indicates areas that can't be accessed 





Figure 1.3 SCU Mapping (Cache_address) 





Operation of Cache Hit 

If a hit is made to the cache during access to an area that is rewritable by non-CPU 
devices such as the work RAM of an I/O port, an external device, or a SCU register, 
a value different from the actual value could be returned. When this happens, the 
cache-through area must be accessed. 


Figure 1.4 explains cache hit operations, and Figure 1.5 shows cach-through opera- 
tions. 


« Data read from device B 


« Reads address 5CO0000 H. 
Data is FFFFFFFFH 


« CPU can write data to cache 


cache » Cache does not change. 
« Address 5COOO00H clears to 0 


CPU 


» Accesses cache address area « Accesses cache-through area 


A Device 
B Device 


» Address 5CO0000h is read again. » Reads again from device B without 
Data FFFFFFFFH inside cache accessing the cache. Data is 0. 
becomes valid. Address is 25CO0000H. 


<— arrow indicates the flow of data 





Figure 1.4 Explanation of Cache Hit Operation 
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20000000 H ROM Access Region 512 Kbyte 


20080000 H 


20100000 H SMPC Region 128 byte 


20100080 H 


20180000 H Backup-RAM Region 64 Kbyte 


20190000 H 


20200000 H Work-RAM-L Region 1 Mbyte 


20300000 H 


eroo0gn MINIT Region 4 byte 


21000004 H 
eT s00b00H SINIT Region _Abyte 
21800004 H ww a 


22000000 H SS 

A-Bus CSO 32 Mbyte 
24000000 H 

A-Bus CS1 16 Mbyte 
25000000 H 

A-Bus Dummy 8 Mbyte 


2 OH Sets 
Benne A-Bus CS2 1 Mbyte 
25900000 H a NoE: Mbyte 


25A00000 H Sound Region about 1 Mbyte 


25BO0EE4 H 


25C00000 H VDP 1 Region 192 Kbyte 


25CC0000 H 

Deen — 2a bye 

°5D00018 H VDP 1 Region 24 byte 

ee “Sa Rove 
VDP 2 Region 

25E80000 H g sieve 


25F00000 H VDP 2 Region ___4Kbyte _ 
25F01000 H : — it teye 


25F80000 H VDP 2 Region 288 byte 


25F80120 H 
25FE0000 H SCU Register Region 208 byte 
25FE00DO H 


26000000 H __1 Mbyte 
26100000 H 
27FFFFFF H 


Ll Indicates areas that can't be accessed 





Figure 1.5 SCU Mapping (Cache_through_address) 





1.3 SCU Register Map 


Figure 1.6 shows a map of the SCU register. The SCU register is assigned to the 
highest address in the SCU mapping region and, as shown in Figure 1.3, maintains a 
208 byte area. Next, a map of each register region is shown. 


25FE0000 H 
Level 0 DMA Set Register 32 byte 


25FE0020 H 
Level 1 DMA Set Register 32 byte 


25FE0040 
Level 2 DMA Set Register 32 byte 


eer EOOROH DMA Forced Stop 16 byte 
eon OOn DMA Status Register 16 byte 


25FE0080 t ‘byte 
25FE0084 ‘byte 
25FE0088 ‘byte 
25FE00RC i ‘byte 
25FE0090 byte 
25FE0094 si 4 byte 
25FE0098 si ‘byte 
25FEOOSC H ‘byte 
25FE0OAO | ‘byte 
25FEOOAA i 4 byte 
25FEOOAS | ‘byte 
25FEOOAC Hl byte 


25FE00BO H | A-Bus Set Register 8 byte 


25FEQOB8 # | A-Bus Refresh Register 4 byte 


25FEOOBC H 
Free 8 byte 


25FE00C4 H | SCU SDRAM Select Register 4 byte 


25FE00C8 | SCU Version Register 4 byte 


2FEDOCC byte 
25FEOOCF H ——— 





Figure 1.6 SCU Register Map 
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Level 2-0 DMA Set Register 

Figure 1.7 is a map of the Level 2-0 DMA set register. Parameters required for DMA 
transfer are stored in this register. There are three DMA levels (from level 0 to level 
2), as there are in the SCU register map (Figure 1.6). Asa result, the addresses in 
Figure 1.7 are shown as relative addresses. 





Inside graphic: 

1. Read address add value5. DMA mode bit (=0:Direct Mode / =1:Indirect Mode) 

2. Write address add value 6. Read address update bit (=0:Save / =1:Revise) 
3. DMA enable bit (=0:Disable / =1:Enable) 7. Write address update bit (=0:Save / =1:Update ) 
4. DMA starting bit 8. DMA start factor select bit 


Figure 1.7 Level 2-0 DMA Set Register Map 


DMA Force-Stop Register 

Figure 1.8 is a map of the DMA force-stop register. This register has a bit that forces 
the DMA operation to stop. However, if the DMA is forced to stop, it can no longer 
be used. This register should not be used except for debugging. 


31 


0 
asre0060 wf fi 


Inside graphic: 
1. DMA force-stop bit (=1:DMA force-stop) 


Figure 1.8 DMA Force-Stop Register Map 





DMA Status Register 


Figure 1.9 is a map of the DMA status register. This register shows level 2-0 condition 
status. 


31 24 16 8 0 
est ieee ee UE reese PEE 


Inside graphic: 

1. DMA DSP-Bus access flag (=0: no access /=1:access) 

2. DMA B-Bus access flag (=0: no access / =1:access) 8. Level 1 DMA standby (=0:stop/=1:standby) 

3. DMA A-Bus access flag (=0: no access / =1:access) 9. Level 1 DMA in operation (=0:stop /=1:operate) 





4. Level 1 DMA interrupt(=0:stop /=1:interrupt) 10. Level 0 DMA stand by (=0:stop/=1:standby) 
5. Level 0 DMA interrupt(=0:stop /=1:interrupt) 11. Level 0 DMA in operation (=0:stop /=1:operate) 
6. Level 2 DMA standby (=0:stop /=1:standby) 12. DSP side DMA in stand by (=0:stop /=1:standby) 


7. Level 2 DMA in operation (=0:stop/=1l:operate) | 13. DSP side DMA in operation (=0:stop /=1:operate) 


Figure 1.9 DMA Status Register Map 


DSP Program Control Port 


Figure 1.10 is a map of the DSP program control port. This is the DSP control register. 
It stores both the DSP operation start address and end address. 


31 26 24 1615 7 0 
asreo080 » [= TEEEEEEPEG = Paes 


Inside graphic: 

1. EX = cancels pause briefly (=0: no execute/=1:execute) 7. Overflow flag 

2. EX = executes pause briefly (=0: no execute /=1:execute) 8. Program end interrupt flag 
3. DO bus use DMA transfer execution flag 


4. Sine flag 9. Program step execute control bit (=0:no execute /=1:execute) 
5. Zero flag 10. Program execute control (=0:stop /=1:execute) 
6. Carry flag 11. Program counter load authorization (=0:no execute /=1:execute) 


Figure 1.10 DSP Program Control Port Map 
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DSP Program RAM Data Port 


Figure 1.11 is a map of the DSP program RAM data port. This port is used as a 
go-between when transferring program data from the CPU to the DSP. 


osFe0084 w[ TTT pan bag TTT Jw 


Figure 1.11 DSP Program RAM Data Port Map 


oo 
per 
oO 


DSP Data RAM Address Port 
Figure 1.12 is a map of the DSP data RAM address port. This port indicates the data 
RAM address while accessing the data RAM inside DSP from the CPU. 


31 7 0 


osF€0088 [TTT Ras 


Figure 1.12 DSP Data RAM Address Port Map 


DSP Data RAM Data Port 

Figure 1.13 is a map of the DSP data RAM data port. The content of the address 
shown by the DSP data RAM address port is stored. Data written from the CPU is 
stored in the DSP data RAM and data read from the CPU can fetch RAM data inside 
the DSP. 


oO 


31 


Figure 1.13 DSP Data RAM Data Port Map 
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Timer 0 Compare Register 

Figure 1.14 is the map of the timer 0 compare register. Timer 0 gets in syne with V- 
Blank-IN interrupt (See 2.2 Interrupt Control) and causes interrupt to occur. The opera- 
tion is explained in section 2.2 and the register contents are explained in chapter 3. 


31 
OSFEOOSO W]e |, Souter Value | |W 


Figure 1.14 Timer 0 Compare Register Map 


oO 
oO 


Timer 1 Set Data Register 

Figure 1.15 is the map timer 1 set data register. Timer 1 is data-set by H-Blank-IN inter- 
rupt (See 2.2 Interrupt Control) and decremented by 7 MHz cycles. Interrupt occurs 
when data is 0. The operation is explained in section 2.2 and the register contents are 
explained in chapter 3. 


31 
osre00g4 [TT Ba J 


Figure 1.15 Timer 1 Set Data Register Map 


CO 
oO 


Timer 1 Mode Register 

Figure 1.16 is a map of the timer 1 mode register. This register indicates the timing by 
which Time 1 is generated. The operation is explained in section 2.2 and the register 
contents are explained in chapter 3. 


31 8 0 
Inside graphic: 
1. Timer 1 mode bit =0:occurs at each line 
=l:occurs only for lines designated by timer 0 
2. Time operation enable bit =0: Timer operation OFF 


=1 : Timer operation ON 


Figure 1.16 Timer 1 Mode Register Map 
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Interrupt Mask Register 

Figure 1.17 shows the map of the interrupt mask register. When this bit is 0, interrupt 
is not masked and occurs as needed. When the bit is 1, interrupt will not occur be- 
cause it is masked. Chapter 3 has more information about bit 0 (inside graphic, no. 15) 
to bit 13 (inside graphic, no. 2). 


31 15 0 


OSFEQOAO H] ru 1 2I8 4] 5/8/7]8/9pch Heys ats 





Inside graphic: 
1. A-Bus interrupt mask bit 
2~15 Interrupt mask bit 


Figure 1.17 Interrupt Mask Register Map 


Interrupt Status Register 

Figure 1.18 shows the map of the interrupt status register. Because this register is able 
to read and write, when reading it shows that interrupt won’t occur when bit data is 0, 
and will occur when bit data is 1. When writing, interrupt is reset if 0 is written, and 
maintains the current interrupt status when 1 is written. See chapter 3 for details 
about this register. 





Inside graphic: 
1~30 Interrupt status bit 


Figure 1.18 Interrupt Status Register Map 


A-Bus Interrupt Acknowledge Register 


Figure 1.19 shows a map of the A-Bus interrupt acknowledge. This is a read/write bit 
that has different meanings when reading vs. when writing. See chapter 3 for details. 


31 


0 
asre0ons wf fy 


Inside graphic: 
1. READ: A-Bus interrupt acknowledge significant bit (=0:insignificant / =1:significant) 
WRITE: A-Bus interrupt acknowledge significant bit (=O:insignificant / =1:significant) 


Figure 1.19 A-Bus Interrupt Acknowledge Register Map 


12 s 


A-Bus Set Register 


Figure 1.20 shows the map of the A-Bus set register. Each pre-read significant bit, 
precharge insertion bit, and external wait significant bit is insignificant at 0 and 
significant at 1. See chapter 3 for more information. 


31 ° 
25FE00B0 x | +] 2/3]4]5/6|7] sao pais4 janet sede Paes apseee epg 





(W) 

25FE00B 4H BREET ECE ECE PE PERLE TE ee ee pop BY") 

Inside graphic: 

1. CSO space, pre-read significant bit 31. CS2 space, pre-read significant bit 

2. CSO space, precharge insertion bit after write 32. CS2 space, precharge insertion bit after write 

3. CSO space, precharge insertion bit after read 33. CS2 space, precharge insertion bit after read 

4. CSO space, external wait significant bit 34. CS2 space, external wait significant bit 

5~8. CSO space, burst cycle wait no. set 35~36. CS2 space, burst length set bit 

9~12. CSO space, single cycle wait no. set 37. Bus size set bit (0=16 bit 1=8 bit) 

13~14. CSO space, burst length set 38. Spare space, pre-read significant bit 

15. CSO space, bus size set bit (0=16bit 1=8bit) 39. Spare space, precharge insertion after write 

16. CS1 space, pre-read significant bit 40. Spare space, precharge insertion after read 


17. CS1 space, precharge insertion bit after write 41. Spare space, external wait significant bit 
18. CS1 space, precharge insertion bit after read 42~45. Spare space, burst cycle wait no. set bit 


19. CS1 space, external wait significant bit 46~49. Spare space, normal cycle wait no. set bit 
20~23. CS1 space, burst cycle wait no. set 50~51. Spare space, burst length set bit 
24~27. CS1 space, normal cycle wait no. set 52. Spare space, bus size set bit (0=16bit 1=8bit) 


28~29. CS1 space, burst length set bit 
30. CS1 space, bus size set bit (0=16bit 1=8bit) 


Figure 1.20 A-Bus Set Register Map 


A-Bus Refresh Register 


Figure 1.21 shows the map of the A-Bus refresh register. This register performs the 
settings for A-Bus refresh. 


31 4 0 
ssre0pe w[ 
Inside graphic: 


1. A-Bus refresh output significant bit (=0:insignificant / =1:significant) 
2~5. A-Bus refresh wait number set bit 


Figure 1.21 A-Bus Refresh Register Map 
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SCU SDRAM Select Register 
Figure 1.22 shows the map of the SCU SDRAM select register. 


31 0 
Inside graphic: 


1. Work-SDRAM select bit (=0:2 Mbit x2 / =1:4 Mbit x 2) 


Figure 1.22 SCU SDRAM Select Register Map 


SCU Version Register 
Figure 1.23 shows the map of the SCU version register. 


Oo 


31 


asreoodsy[ 


Inside graphic: 
1~4. Version number’ 


KR 
D 


Figure 1.23 SCU Version Register Map 
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2.1 DMA Transfer 


Basic Operation of DMA 

Figure 2.1 shows basic DMA operation. This DMA is basically long word access 
through the DMA controller buffer, but if the start address and end address are not 
in long word boundaries, reads and writes are made in byte units, and DMA transfer 
can be executed. 


Figure 2.1 is an example of DMA transfer from transfer source address 1H - 50H to 
transfer destination address 6H - 55H. However, since the long word boundary in 
the transfer source is 4H, 1H - 3H is read in byte units. Since the long word bound- 
ary in the transfer destination is 8H, the first 2 bytes of read data are written to 6H - 
7H in byte units. Moreover, the transfer source end address is 50H, but since the 
long word boundary is up to 4FH, the data in 50H is read in byte units. On the other 
hand, since the transfer destination end address is 55H but the long word boundary 
is up to 53H, the last two bytes read are written to 54H - 55H in byte units. 








Destination 
Source tend Buffer 
1stbyte |— >| __istbyte 


2nd byte 
3rd byte 3rd byte 

5th byte 
6th byte 


7th byte 7th byte 
8th byte 8th byte 


9th byte 9th byte 


2nd byte 
3rd byte 
Ath byte 
5th byte 
6th byte 
7th byte 
8th byte 
9th byte 





EN 


v 
v 
v 


ACH 76th byte 


75th byte 75th byte 
76th byte 76th byte 


ADH 77th byte 77th byte 77th byte 
AEH 78th byte 78th byte 78th byte 
4FEY 79th byte 79th byte 79th byte 

80th byte 80th byte 


= Access in long word units — Access in bytes 


6 


| 





50H 80th byte 





Figure 2.1 DMA Transfer Basic Operation 
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There are two methods of activating the SCU’s DMA transfer control. 
1) activate DMA from the Main CPU 
2) activate DMA from the DSP 


Figure 2.2 shows the DMA transferable area when activated from the main CPU. 
Figure 2.3 shows the DMA transferable area when activated from the DSP. 


Work RAM-H Area 


A-Bus Connection g B B-Bus Connection 
Processor Processor 


Figure 2.2 DMA Transferable Area when activated from the Main CPU 


DSP Area 





A-Bus Connection B-Bus Connection 


Figure 2.3 DMA Transferable Area when activated from the DSP 
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DMA Mode 

The SCU DMA mode has the following two modes: 
1) Direct Mode 

2) Indirect Mode 


Direct Mode 

Data is transferred only in byte numbers shown as transfer byte numbers directly 
using address values of separate level DMA set registers, and from the address 
memory shown by the read address register to the address memory shown by the 
written address register. One transfer is implemented per start up, then DMA ends. 
Figure 2.4 shows the DMA transfer operation of the direct mode. 


DMA Set Register 


Read Address 
Write Address 


Transfer Source Transfer Destination 


Read Write 
Address | Address 


DMA Transfer 





Figure 2.4 Direct Mode DMA Transfer Operation Map 
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Indirect Mode 

The indirect mode implements DMA transfer by indirectly using the DMA set regis- 
ter at a level different from the Direct mode mentioned earlier. The address value 
and byte number stored by the Direct mode in the set register are stored in the 
indirect mode temporary buffer by the Indirect mode, and DMA transfer is repeated 
until the end code is detected. Thus, the Indirect mode can implement more than 
one DMA transfer when activated once. Figure 2.5 shows the execution flow of 
Indirect mode DMA. 


Indirect Mode DMA 


Parameters used for transfer are 
copied in a temporary buffer 


End Code Exists 


DMA Transfer DMA Transfer 





Figure 2.5 Indirect Mode DMA Transfer Flow 
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When the Indirect mode is activated, parameters of a 3 long word segment from the 
address first written in the write address register (DxW) is read and stored ina 
temporary buffer. Next, the actual DMA is executed using the parameters. On 
completion of DMA, the address parameters of DxW+CH are read and similarly 
executed. This operation is repeated until the end code is detected. 


The indirect mode address is incremented in 4 byte units. 


DMA Set Register Execute Address Storage Buffer 


- Address 
Address Add Value (DxW) First Read Address 


DMA Authorization Bit First Write Address 
Mode, Update, Select First Transfer Byte Number 


(DxW+CH) Second Read Address 
S d Write Add 
Wiis Rares 
Second Transfer Byte Number 


End Code seen nth Write Address 
|_| nth Transfer Byte Number 


Temporary Buffer 


Read Address 
Write Address 
Transfer Byte Number 


Transfer Source Transfer Destination 
1st DMA Transfer Write 


c> Address 1 


Read 2nd DMA Transfer Write 
Address 2 c> Address 2 


Read 
Address 1 


Read 3rd DMA Transfer Write 


Address 3 c> Address 3 


N) End of DMA Transfer 





Figure 2.6 Indirect Mode DMA Transfer Operation Details 


a 


Example of a Specific Use 

Direct Mode 

A 1 Kbyte transfer can be thought of as level 0 DMA from address 2000000H (A-Bus 
area) to address 6000000H (work RAM). DMA (direct mode) can be executed when 
operating in accordance with the following procedures. 


1) 
2) 
3) 


4) 


5) 


6) 


7) 


Write the read address (200000H) to the read address register DOR. (Loads the 
address that is read to address 25EFOO00H from the CPU.) 

Write the write address (6000000H) to the write address register DOW. (Loads 
the address that is written to address 25EF0004H from the CPU.) 

Write the transfer byte number (400H) to transfer byte number register DOC. 
(Loads the transfer byte number from the CPU to address 25EF0008H.) 


Write the address add value (101H) to address add value register DOAD. 
(Loads the address add value from the CPU to address 25EFOO0CH. Details of 
the address add value are listed in the address add value of this section. The 
address add value indicated in the normal DMA is 101H. ) 

The DMA mode is 0, and the address update bit and DMA start factor are set as 
necessary and written to mode/address/update/DMA start factor register 
DOMD. For example, when address update is handled as the save mode and 
V-Blank-IN is handled as the start factor, 0 is written to DOMD. (Loads 0 in 
address 25EF0014H from the CPU.) 

Set 1 in the DMA enable bit. When the start factor set by step 5) occurs, DMA 
is activated and 1 Kbyte of data is transferred by level 0 from address 2000000H 
(A-Bus area) to address 6000000H (work RAM). 

After DMA has ended, DMA is activated each time the start factor set in step 5) 
occurs. The operation at that time changes according to the values of the read 
address update bit (DORUP) and write address update bit (DOWUP). Figure 2.7 
shows DMA operation changes by the address update bit. 


Steps 1) to 5) do not have to be done in the same order. (When the start factor is set 
in the DMA starting bit, DMA starts each time the DMA operation bit is set to 1 by 
the CPU.) 
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When DORUP=0 and DOWUP=0 


60003FF H 


=) ——— 6000000 H 


* 6000400 H 


—€ 6000000 H [Fq 


Ps 60003FF H 


When DORUP=1 and DOWUP=1 


2000000 H 6000000 H 


2000400 H E 6000400 H 





{I First DMA transfer Second DMA transfer 


Figure 2.7 Differences in DMA Operations according to the Address update Bit 


When the read address update bit is 0, the same address is referred to (read to) both 
the first and second time. When the read address update bit is 1, the second read 
starts after the address following the first read. 


When the write address update bit is 0, write is executed to the same address for 
both the first and second time. When the write address update bit is 1, the second 
write starts after the address following the first write. 


4) 


Ly 
7 


22 


Indirect Mode 

The Indirect mode is used when executing DMA transfer more than once by starting 
once. The Indirect mode is not set in a register as is the Direct mode, but uses a 
method of executing DMA by accessing the register through RAM. For example, 
consider a case in which three DMA transfers are to be continuously (consecutively) 
executed at level 0 through work RAM area (6000000H). 

(a) 20HByte DMA transfer from 4000000H to 5CO0000H 

(b) 10HByte DMA transfer from 5E00000H to 6080000H 

(c) 15HByte DMA transfer from 5A00000H to 6081000H 


DMA (Indirect mode) can be executed if operated in accord with the following steps. 


1) As shown in Figure 2.8, data is written in long word units from the work RAM 
area (60000004). 


6000000H 
600000CH 


6000018H 5AOOOOOH 


6081000H 
8000001 5H 


6000024H 





Figure 2.8 Example of Data Write 


2) DMA parameter source address (6000000H) is written to the write address 
register (DOW). 


3) The address add value (101H) is loaded to the address add value register DOAD. 
(The address add value is written from the CPU to address 25FEO00CH.) Infor- 
mation on the address add value is described in the address add value of this 
section. The address add value indicates 101H in normal DMA. 


4) The DMA mode is 1 and the address update bit and DMA start factor are set as 
required and written to mode/address/ update /DMA start factor register DOMP. 
For example, when address update is handled as the retain mode and V-Blank- 
IN is handled as the start factor, 1000000H is written to DOMD. (Loads 1000000H 
in address 25FE0014H from the CPU.) 
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5) “1” is set in the DMA enable bit, DMA is activated when the start factor set by 
step 4) occurs. DMA transfer (a) to (c) is executed in order until the DMA end 
code is detected. The DMA end code is the end notification code of the DMA 
indirect mode that exists only in the work RAM area. DMA transfer continues as 
long as “1” of this bit remains undetected. 


Steps 1) to 4) do not need to be done in the same order. The read address register 
(DOR), transfer byte number register (DOC), and address add value register (DOAD), 
which must be set in the Direct mode, do not need to be set in the Indirect mode. 


When the DMA transfers listed below are registered in memory, DMA transfer is 
restarted after the above process ends. Restart can be done only by repeating the 
operation in step (4) above. 

(d) 30HByte DMA transfer from 5000000H to 6100000H. 

(e) 25HByte DMA transfer from 5100000H to 6200000H. 


The contents from the work RAM area 6000000H are shown below in Figure 2.9. 
DMA starts each time the start factor set by (5) occurs. 


6000000H 
600000CH 
6000018H 
6000024H 
6000030H 


600003CH 





Figure 2.9 Work RAM Area Contents 
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The operation at restart differs depending on whether the DMA mode is in save 

mode or update mode. Recognition of the save /update mode of the Indirect mode 

is performed and judged by the write address update bit. 

e For Save mode (write address update bit = 0), after one DMA transfer is 
completed, because the address accessing the parameters is saved at 6000000n, 
(a) ~ (c) DMA transfer is re-implemented. 


e For update mode (write address update bit = 1), after one DMA transfer is 
completed, because the address accessing the parameters is updated at 6000024n, 
(d) ~ (e) DMA transfer is implemented. 


Address Add Value 

DMA normally accesses continuous areas, but by setting the address add value, the 
addresses of fixed intervals can be accessed. This function is effective when chang- 
ing part of continuously arranged parameters like the VDP1 command table. An 
example is 32 blocks as one 20H byte table from address 5C00000H, among which 
the parameters of each 8 byte block are rewritten one time. Change parameters that 
have 40H bytes from address 6000000H are set by the following steps and the transfer 
process is implemented when transferring via level 0 of DMA. 


1) Write the read address 6000000H to read address register DOR. 

2) Write the write address 5CO0008H to write address register DOW. 

3) Write transfer byte number 40H to transfer byte number register DOC. 

4) Write the address add value 105H to address add value register DOAD. Here, the 
low 3 bits (5=101B) updates the address for each 20H. 

5) Set the DMA mode to 0 and set the address update bit and DMA start factor as 
required. Write to the mode/address /update/DMA start factor register DOMD. 
For example, 0 is written to DOMD when V-Blank-IN is the starting factor and 
address update is in a retain mode. 
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6) Set the DMA enable bit to 1. DMA is activated when the starting factor set in 
step 5) occurs and the slanted line area in Figure 2.10 is rewritten once. 


5SCO0000H 


5C00008H 
Table 1 


5C00020H 
5C00028H 


Table 2 


5C00030H 


5CO03E0H 


5CO03E8H 
Table 32 





Figure 2.10 DMA Transfer by Setting Address Add Value 


Steps 1) through 5) do not have to be in the same order. 
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2.2 Interrupt Control 


Table 2.1 shows the bit allocation of interrupt factors. Bit allocation shows the inter- 
rupt register status. Level 1 is the lowest interrupt level and level F is the highest. 
Details are given below for each interrupt factor. 


Table 2.1 Interrupt Factors 


Bit Interrupt Factors Interrupt Source Vector Number Level 
Allocation 


bit 0 Level F 
bit 1 Level E 
bit 2 Level D 
bit 3 Level C 
bit 4 Level B 
bit 5 Level A 
bit 6 Level 9 
bit 7 Level 8 
bit 8 Level 8 
bit 9 Level 6 
bit 10 Level 6 
bit 14 Level 5 
bit 12 Level 3 


bit 13 Level 2 
bit 14 eee re = een MR a Ee = 
bit 15 _- Ss ale), SC 
bit 16 Level 7 
bit 17 Level 7 
bit 18 Level 7 
bit 19 Level 7 
bit 20 Level 4 
bit 21 Level 4 
bit 22 Level 4 
bit 23 Level 4 
bit 24 Level 1 
bit 25 Level 1 
bit 26 Level 1 
bit 27 Level 1 
bit 28 Level 1 
bit 29 Level 1 
bit 30 Level 1 
bit 31 Level 1 
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Table 2.2 shows by what general names the interrupt factors are called. Later de- 
scriptions are based on the general name. 


Table 2.2 Interrupt Factor General Names 


Blanking Interup 


Timer Inter 


Level 2-DMA End Interrupt 
DMA End Interrupt Level 1-DMA End Interrupt 
Level 0-DMA End Interrupt 
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Blanking Interrupt 

There are three types of blanking interrupt, V-Blank-IN, V-Blank-OUT, and H-Blank- 
IN. Figure 2.11 details blanking interrupt. Blanking interrupt is synchronous to the 
display, and notifies the user whether a drawing is at the beginning or end. 


Display Direction 
——_—> 


V-Blank-OUT H-Blank-IN 


Display Screen 


V-Blank-IN Non-Display Area 





Figure 2.11 Blanking Interrupt 


V-Blank-IN 
Indicates the end of a display, after which nothing will be displayed on the screen 
even when attempting to display data. 


V-Blank-OUT 

V-Blank-OUT indicates the beginning of a display. Although a display may be about 
to begin, how long before interrupt occurs must be taken into consideration since it 
takes time (an interval) for the actual display to materialize. V-Blank-OUT also 
clears Time 0 data. 
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H-Blank-IN 
H-Blank-IN indicates the draw end of one line. Timer 0 data is incremented by this 
timing. 


Timer Interrupt 

Time interrupt includes Timer 0 and Timer 1. Time interrupt is synchronous with 
the blanking interrupt mentioned earlier and can cause interrupt to occur at dots 
(points) on the screen. 


Timer 0 

Values are cleared by V-Blank-OUT interrupt reception and counted by 

H-Blank-IN interrupt reception . Timer 0 interrupt occurs when values compared to 
the Timer 0 compare register (see register details) are the same. Figure 2.12 shows 
the Timer 0 occurrence process. 


Display Direction 
Timer O Clear —— > ___ Timer 0 Increment 
(In Sync with V-Blank-OUT) (In Sync with V-Blank-IN) 


Display Screen 


Timer 0 =10 


Timer 0 =19 
(Same value as 
compare register) 






Timer 0 Interrupt 
Occurence 


Non-Display Area 


Figure 2.12 Timer 0 Interrupt Occurrence Process 
(compare register = example when set to 19) 
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Timer 1 

Data of the Timer 1 data set register (see register details) is set by Timer 1 with H- 
Blank-In interrupt receiving. Count down is done at a frequency (1 dot painting) of 
7 MHz or about 1/4 the system clock. When the value of Timer 1 becomes 0, inter- 
rupt of Timer 1 occurs. Interrupt can also be made to occur at 1 point by combining 
it with Timer 0 according to the Timer 1 mode register value (see register details), 
and interrupt can be caused to occur at each line independently of Timer 0. Figure 
2.13 shows the process up to when Timer 1 interrupt is caused to occur in sync with 
Timer 0. 


Display Direction 
————_—_> 


Timer 1 Data Set 
(each line) 


Display Screen 


Timer 1 Register = 1 Timer 1 Register = 0 
Timer 1 Interrupt Occurence ceeore 


7 MHz 
| | Non-Display Area 


—Timer 1 Decrement—~> 





Figure 2.13 Timer 1 Interrupt Process (In sync with Timer 0) 
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Figure 2.14 shows the process up to when Timer 1 is caused to occur out of syne with 
Timer 0. There is no change when operationally in sync but a judgment is made for 
each line and interrupt made to occur. 


Display Direction 
————— Timer 1 Data Set 
(each line) 


—. Display Screen 


Timer 1 Interrupt 
occurs at each 
line a 


7 MHz 
| | Non-Display Area 


—Timer 1 Decrement ~> 





Figure 2.14 Timer 1 Interrupt Process (out of sync with Timer 0) 
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DSP-End Interrupt 

The program execution control flag (see section 3.3, E flag of the Program Control Port) 
of the program control port (see section 3.3, Program Control Port) is set by the DSP 
ENDI command (see section 4.5, “Command” ENDI command) and gives notice when 
the program has ended. By this, the main CPU can retrieve the results calculated by 
the DSP. 


Sound-Request Interrupt 

This interrupt occurs from the SCSP. For example, to display the volume level meter 
on the screen when a CD (Compact Disk) is connected, interrupt from SCSP is used 
and reported to the main. 


SMPC Interrupt 
Detailed information about interrupt that occurs from SMPC is listed in the SMPC 
User’s Manual. 


PAD Interrupt 
The occurrence of this interrupt depends on the action of the user. PAD is given as 
one example but other items, such as a mouse, may be connected. 


DMA End Interrupt 
Divided by level, this interrupt notifies the user when DMA transfer has ended. 
There are three DMA levels from level 2 to level 0. 


DMA-Illegal Interrupt 
Notifies user that DMA cannot be executed by interrupt when executing DMA that 
cannot be done using certain parameters. 


Sprite Draw End Interrupt 
Notifies user via VDP1 that draw has ended. 
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2.3. DSP 


DSP Control from the Main CPU 

This allows control of the DSP from the main CPU. DSP items that can be controlled 
from the CPU include: 

1) Load DSP program 

2) Access DSP data 

3) Begin DSP program execution 

4) Forced stop of DSP program 


Load DSP Program 
There are two methods in which the DSP program is loaded: by using the DSP 
DMA command, and by writing directly to the DSP program RAM area from the 
main CPU. Program data can be loaded if controlled from the main CPU in the 
order shown below. 
1) Set the program control port bits 16 and 17 to 0. 
2) Write the transfer start address to the program RAM address of the same port. 

If DSP is not stopped, it cannot be loaded. 
3) Write sequence program data in long word units to the program RAM data port. 


Figures 2.15 to 2.17 show each step of control from the CPU. 


Program Control Port 


bit 31 bit 17 bit 16 bit 0 


Step execute | Program execute 
control bit control bit 


| | 


Stops Program Execute 


Figure 2.15 DSP Program Load Step 1 


STEP 1 
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Program Control Port 
bit 31 bit 7 bit 0 


Program Transfer 


Begin Address 


STEP 2 | 
Recognizes the Transfer Source Address 


Figure 2.16 DSP Program Load Step 2 





Program RAM Data Port 
bit 31 bit 0 


Program RAM Data Port 


Data 


Program transfer 
Loads Program address counts up 1. 


Figure 2.17 DSP Program Load Step 3 


STEP 3 
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DSP Data Access 
In order to access DSP data, the DMA command of DSP can be used, but there is also 
a method that accesses the DSP data RAM area from the main CPU. Data can be 
accessed if controlled from the CPU in the following sequence. 
1) Set the program control port bit 16 and bit 17 to 0. 
2) Write the access start address to the data RAM address port. 
If DSP is not stopped, it cannot be set. 
3) Sequence data is accessed in long-word units through the data RAM data port. 


Control methods from the CPU for each step are shown from Figure 2.18 to 
Figure 2.20. 


Program Control Port 


bit 31 bit 17 bit 16 bit 0 


Step execute | Program execute 
control bit control bit 


| | 


Stops Program Execute 


STEP 1 





Figure 2.18 DSP Data Access Step 1 
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Data RAM Address Port 
bit 31 bit 7 bit 0 


Data Access Start Address 


STEP 2 | 
Recognizes the Access Start Address 


Figure 2.19 DSP Data Access Step 2 





Data RAM Data Port 
bit 31 bit 0 


Data RAM Data Port 


Data 
Read / Write data Data access address 
counts up 1. 


Figure 2.20 DSP Data Access Step 3 


STEP 3 
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DSP Program Execute Start 

Execution of the DSP program is begun by writing of the program control port 1 to 
bit 16 (see Figure 2.21). When the write is recognized, DSP begins execution from 
the address stored in the program RAM address of the program control port. The 
execution start address must be set before writing “1” to bit 16 of the program con- 


trol port. 


Program Control Port 
b31 


Program execute 
control bit 





Figure 2.21 DSP Program Execution Start Control from CPU 


DSP Program Forced Stop 
In contrast to execution start, DSP program execution forced stop is done by writing 


the program control port 0 to bit 16 of the program control port. Figure 2.22 shows 
the forced stop control. 


Program Control Port 
b31 


Program execute 
control bit 





Figure 2.22 DSP Program Forced Stop Control from CPU 
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3.1. Register List 


A list of SCU registers is given in Table 3.1. Headings are divided for each register 
type and each register is explained. 


Table 3.1 Register List 


| Type [Register Name | Lead Adress [end address _| Size 
DMA Control Registers 
DMA Force-End Register 
DMA Status Register 
DSP Control Ports DSP Program Control Port 


Pen Program RAM Data | s5reoos4y | 25FE0087H 4 byte 


ooh Data RAM Address 
DSP RAM Data Por 
Timer Registers Timer 0 Compare Register 
Timer 1 Set Data Register 
Registers 
A-Bus Control Registers 
SCU Control Registers 
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3.2 DMA Control Registers 


Level 2-0 DMA Set Register 


There are three DMA levels, beginning at the highest priority level of 2 to the lowest 
priority level of 0. These are explained below. 


e Read Address 
Figure 3.1 is the read address register. The DMA mode includes a direct mode 
and an indirect mode. The value of the meaning changes for each mode. 


25FE0000 (Level 0) 23! b24 b23 b16 b15 


Berets ter) ES SN EA Nd EE IS WE ESI 


Figure 3.1 Level 2-0 Read Address (Register: DOR,D1R,D2R)_ Initail value undefined 





Read Address (1~27 [bit 26 ~ 0] in Figure 3.1) 

DxR 26-0[x=2-0] (R/W) DMA level 2-0 Read address bit 26-0 
When in the Direct mode, values being stored are transfer source addresses. 
However, this has no meaning when in the Indirect mode. The register of 
that level prohibits writing while DMA is operating. All address values are 
expressed in bytes. 





e Write Address 
The write address register is shown in Figure 3.2. The DMA mode includes a 


direct mode and indirect mode; the value of the meaning changes with each 
mode. 


25FE0004 (Level 0) 23! b24 b23 b16 b15 


ee tes Es ETE SN ENERO WCE KEI aS IES 


Figure 3.2 Level 2-0 Write Address (Register: DOW, D1W, D2W) Initial value undefined 





Write Address (1~27 [bit 26 ~ 0] in Figure 3.2) 

DxW 26-0[x=2-0] (R/W) DMA level 2-0 Write address bit 26-0 
When in the Direct mode, the value being stored is the transfer source ad- 
dress. However, when in the Indirect mode, the address of the location where 
the transfer source address of DMA transfer is executed the first time is 
stored. The register of that level prohibits writing while DMA is operating. 
All address values are expressed in bytes. 
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e Transfer Byte Number 
Stores the byte number to be transferred by DMA. Figure 3.3 shows the level 0 
transfer byte number. Figure 3.4 shows the level 2-1 transfer byte number. 


b24 b23 b16 b15 


esreo00d = [== [= |=|=1= 1-1-1111 121 1418 18) 71 | 9 ro] 12] 19] 14 [15] tea] 9]20 





Figure 3.3 Level 0 Transfer Byte Number (Register: DOC) Initial value undefined 


Level 0 transfer byte number (1~20 [bit 19 ~ 0] in Figure 3.3) 

DOC 19-0 (R/W) DMA level 0 Count bit 19-0 
Stores the DMA transfer byte number to be operated at level 0. The register 
of that level prohibits writing while DMA is operating. This register can be 
set to up to 1 MByte. 





b31 b24 b23 b16 b15 b8 b7 





25FE004 (Level EN a a a a a a ES EC 


Figure 3.4 Level 2-1 Transfer Byte Number (Register: D1C, D2C) Initial value undefined 


Level 2-1 transfer byte number (1~12 [bit 11 ~ 0] in Figure 3.4) 

DxC 11-0[x=2-1] (R/W) DMA level 2-1 Count bit 11-0 
Stores the DMA transfer byte number to be operated at level 1 or 2. The 
register of that level prohibits writing while DMA is operating. This register 
can be set to a maximum of 4 Kbytes. 





e Add Value Register 
Figure 3.5 shows the add value register. 


25FE000C (Level 0) b24 b23 b16 b15 b8 b7 


soe evel SESS Se seooe Seles ceeceseneSeseenn 


Figure 3.5 Level 2-0 Address Add Value (Register: DOAD, D1AD, D2AD) Initial value 00000101H 
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Read Address Add Value (1 [bit 8] in Figure 3.5) 

DxRA[x=2-0] (W) DMA level 2-0 Read address Addition data bit 
Designates the add byte number of the read address. Table 3.2 shows the 
read address add value. Since this is effective only for the CS2 space of the A- 
Bus, everything else should set 1B. The register of that level prohibits writing 
while DMA is operating. 


Table 3.2 Read Address Add Value 


DxRA 02-0) 


0 Nothing is added 
1 4 Bytes are added 





Write Address Add Value (2~4 [bit 2~0] in Figure 3.5) 

DxWA3-0[x=2-0] (W) DMA level 2-0 Write address Addition data bit 3-0 
Designates the add byte number of the write address. Table 3.3 shows the 
write address add value. This value is always effective when writing data to 
the B-Bus, but is effective only for 0008 or 0108 data when writing to the CS2 
space of the A-Bus. Data should be set to 010B when writing anywhere except 
to A-Bus or B-Bus. The register of that level prohibits writing while DMA is 
operating. 


Table 3.3 Write Address Add Value 


DRWA 22-0 
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There are provisions (as in Figure 3.6) for the write address add value. As shown in 
Figure 3.6, communication between the SCU and B-Bus is in 32-bit units, but in 16- 
bit units between the B-Bus and processor. Thus, when transferring A ~ D data from 
the SCU to the processor, as shown in Figure 3.7, the SCU can transfer A ~ D to the 
B-Bus at one time but the B-Bus can only transfer to the processor after dividing A ~ 
Band C~D. From this, the difference between address 2 and address 1 can be 
written and indicated as the address add value since the write address add value of 
B-Bus is 2 byte units, as shown in Figure 3.8. 


SCSP VDP1 VDP2 





Figure 3.6 Communication Units Between the SCU and Processor 


Processor 
SCSP 
VDP1 
VDP2 


32 bits of A~D is A~B, C~D are divided 
output once into 2 and output 





Figure 3.7 Specific Example of Transfer Between the SCU and Processor 
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Transfer aaa enelel B- ous dancer Transfer 


Source & Address 1 Destination 
Hy =e ~ 


Address 2 - Address 1 can 
be indicated by "Write 
Address Add Value" 





Figure 3.8 Write Address Add Value Indication 


DMA Enable Register 
This register enable execution of DMA. The register of that level prohibits writing 
while DMA is operating. Figure 3.9 shows the format of this register. 


25FE0010 (Level 0) b24 b23 b16 b15 b8 b7 
pam Lev " Beech “2 -ceceeecececeeeqoese = 


Figure 3.9 Level 2-0 DMA Enable Bit (Register: DOEN, D1EN, D2EN) Initial Value 00O0O00000H 





DMA Enable Bit (1 [bit 8] in Figure 3.9) 
DxEN[x=2-0] (W) DMA level 2-0 ENable bit 
This bit enables DMA to be executed. This flag is set to 1 when DMA is 


enabled. Other required data must be set in advance since DMA begins after 
the flag is set. 


DMA Starting Bit (2 [bit 0] in Figure 3.9) 
DxGO[x=2-0] (W) DMA level 2-0 GO bit 
This bit starts execution of DMA. The starting factor bit is significant only 


when 111B, and when DMA is started, this bit is set to 1. DMA starts one time 
per set. 
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DMA Mode, Address Update, Start Factor Select Register 

This register designates the DMA mode (direct or indirect), address update (save or 
update set value), and selection of the start factor. Registers of that level prohibit 
writing while DMA is operating. Figure 3.10 shows the register. 


25FE0014 (Level 0) b24 b23 b16 b15 





ala te i PEEEEEE EERE EEE E Es tleel PesTs) 


Figure 3.10 Level 2-0 DMA Mode, Address Update, Start Factor Select 
Register (Register : DOMD, D1MD, D2MD) Initial Value 00000007H 


DMA Mode Bit (1 [bit 24] in Figure 3.10) 
DxMOD|[x=2-0] (W) DMA level 2-0 MODe bit 
Decides the DMA mode. “0” shows the direct mode, and “1” shows the 


indirect mode. 


Read Address Update Bit (2 [bit 16] in Figure 3.10) 

DxRUP[x=2-0] (W) DMA level 2-0 Read update UP bit 
This bit decides whether to save or update the value at the time it is set for 
read address. 0 means save and 1 means update. See “Example of a Specific 
Use” in section 2.1 “DMA Transfer” for more information on how to operate it. 


Write Address Update Bit (3 [bit 8] in Figure 3.10) 

(DxWUP[x=2-0] (W) DMA level 2-0 Write update UP bit 
This bit decides whether to save or update the value at the time it is set for 
write address. “0” means save and “1” means update. See “Example of A 
Specific Use” in section 2.1 “DMA Transfer” for more information on how to 
operate it. 


DMA Starting Factor Select Bit (4~6 [bit 2~0] in Figure 3.10) 

DxFT2-0[x=2-0] (W) DMA level 2-0 starting FacTor bit 2-0 
DMA sets the DMA enable bit and starts by receiving an outside signal se- 
lected by the starting factor select bit. When the starting factor bit is 111s, 
DMA starts by setting the DMA starting bit. 


Table 3.4 Starting Factors 


Starting Factors 

Po 0 | _0__| VBLANKWNagnal receive and enable bitseting | 
[0 [0 1 __ | VBLANKCODT signal receive and enable bit setting | 
[0 [| _1__| _0__ | BLANKAN signal receive and enable bitseting | 


[0 [| 1 _[__1 _|Timer0 signal receive and enable bitsetting ——_—_—| 
[1 [210 [0 __Timer1 signal receive and enable bit seting | 
[1 0 [ 1 __ [Sound Req signal receive and enable bt seting | 
[1 [0 Sprite draw end signal receive and enable bi setting | 
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DMA Forced Stop Register 

This is a bit in DMA control which causes DMA forced stops. This register is posi- 
tioned at address 05FEO060H (32 bit area) within the SCU. Its operation is shown by 
the map below. 
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Figure 3.11 DMA Force-Stop Register (Register: DSTP) Initial Value 00000000H 


DMA Force-Stop bit (1 [bit 0] in Figure 3.11) 
DSTOP (W) DMA STOP control bit 
DSTOP=1: Stops DMA while in operation. 


DMA Status Register 

e Access, Interruption, Stand by, Operation Registers 
This register shows the DMA bus access indication and the DMA condition for 
each level. The four DMA conditions are interrupt, standby, operation, and 
stop. Explained first are the high level and low level DMA operational relation 
ships. 


When high level DMA is operating, as shown in Figure 3.15, and launching 

low level DMA currently interrupted, the operation will not occur at the time 
when the low level DMA is launched (it will not be in operation). It will wait for 
a period of time and then go into operation mode. This period is called Standby 
(or Wait period), and this condition always exists prior to the DMA operation. 
Low level DMA operates after high level DMA is completed. 


When starting high level DMA while low level DMA is operating, operation 
will not begin at the moment that high level DMA is started but will begin to 
operate after temporarily being on standby. At this time, low level DMA is 
interrupted and cannot start until high level DMA has stopped (operation ends). 
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When Low Level DMA starts while High Level DMA is operating 
Start 


Low Level DMA stopped on standby stopped 
High Level DMA in operation x stopped 


When High Level DMA starts while Low Level DMA is operating 
Start 


Low Level DMA in operation in operation 


Figure 3.12 High Level DMA Operation 





A 0 bit during interrupt or operation confirms that the DMA operation is stopped. 
Figure 3.13 shows access, interrupt, stand by, and operation registers. 
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Figure 3.13 DMA Status Register (Register: DSTA) Initial Value 00OO00000H 





DMA DSP Bus Access Flag (1 [bit 22] in Figure 3.13) 
DACSD (R) DMA ACceSs DSP-Bus 
Shows whether the DSP bus is being accessed during DMA. 1 means access- 


ing. 0 means not accessing. 





DMA B Bus Access Flag (2 [bit 21] in Figure 3.13) 

DACSB (R) DMA ACceSs B-Bus 
Shows whether the B bus is being accessed during DMA. 1 means accessing. 
0 means not accessing. 





DMA A Bus Access Flag (3 [bit 20] in Figure 3.13) 
DACSA (R) DMA ACceSs A-Bus 
Shows whether the A bus is being accessed during DMA. 1 means accessing. 


0 means not accessing. 
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Level-1 DMA Interrupt Flag (4 [bit 17] in Figure 3.13) 

D1BK (R) DMA level 1 BacK ground flag 
Shows Level-1 DMA transfer execution is interrupted by the effect of high 
level DMA. A1 shows that it is currently being interrupted. A 0 shows that 
level 1 DMA is not interrupted. 


Level-0 DMA Interrupt Flag (5 [bit 16] in Figure 3.13) 

DOBK (R) DMA level 0 BacK ground flag 
Shows Level-0 DMA transfers execution is interrupted by the effect of high 
level DMA. A1 shows that it is currently being interrupted. A 0 shows that 
level 0 DMA is not interrupted. 


Level-2 DMA Stand by Flag (6 [bit 13] in Figure 3.13) 

D2WT (R) DMA level 2 WaiT flag 
Level-2 DMA transfer execution is currently shown in on standby (in wait 
condition). A 1 shows the current standby condition. A 0 shows that level 2 
DMA is not on standby. 


Level-2 DMA Operation Flag (7 [bit 12] in Figure 3.13) 

D2MV (R) DMA level 2 MoVe flag 
Level-2 DMA transfer execution is currently shown in operation. A 1 shows 
that it is currently in operation. A 0 shows level 2 DMA is not in operation. 
Also, when both D2WT and D2MV are 0, it shows that level 2 DMA is 
stopped. 


Level-1 DMA Stand by Flag (8 [bit 19] in Figure 3.13) 

D1WT (R) DMA level 1 WaiT flag 
Level-1 DMA transfer execution is currently shown on standby. A 1 shows 
the current standby condition. A 0 shows that level 1 DMA is not on standby. 


Level-1 DMA Operation Flag (9 [bit 8] in Figure 3.13) 

DIMV (R) DMA level 1 MoVe flag 
Level-1 DMA transfer execution is currently shown in operation. A 1 shows 
that it is currently in operation. A 0 shows level 1 DMA is not in operation. 
Also, when DIWT, D1MV, D1BK are all 0, it shows that level 1 DMA is 
stopped. 


Level-0 DMA Stand by Flag (10 [bit 5] in Figure 3.13) 

DOWT (R) DMA level 0 WaiT flag 
Level-0 DMA transfer execution is shown to be currently on standby. A 1 
shows the current standby condition. A 0 shows level 0 DMA is not on 
standby. 


SCU User’s Manual 49 


50 


Level-0 DMA Operation Flag (11 [bit 4] in Figure 3.13) 

DOMV (R) DMA level 0 MoVe flag 
Level-0 DMA transfer execution is shown to be currently in operation. A1 
shows that it is currently in operation. A0 shows that level 0 DMA is not in 
operation. Also, when all DOWT, DOMV, DOBK are 0 it indicates that level 0 
DMA is stopped. 


DSP DMA Stand by Flag (12 [bit 1] in Figure 3.13) 

DDWT (R) DMA DSP WaiT flag 
DMA transfer execution of the DSP statement is shown to be currently on 
standby. A 1 shows the current standby condition. A 0 shows that DSP issue 
DMA is not on standby. 


DSP DMA Operation Flag (13 [bit 0] in Figure 3.13) 

DDMV (R) DMA DSP MoVe flag 
DMA transfer execution of the DSP statement is shown to be currently in 
operation. A1 shows that it is currently in operation. A 0 shows that DSP 
issue DMA is not in operation. Also, when DDWT, DDMV, DOBK are all 0, it 
shows that DSP DMA is stopped. 








3.3 DSP Control Ports 


DSP Program Control Port 
The DSP program control port is shown in Figure 3.14. 


— = aa a 





Figure 3.14 DSP Program Control Port (Register: PPAF) Initial Value OO000000H 


Execute Pause Reset Flag (1 [bit 26] in Figure 3.14) 

PR (W) execute Pause Reset flag 
When the program execute control flag (see below) is 1, the program pause is 
reset if 1 is written to the flag and execution begins. The condition does not 


change when it does not pause or when the program execute flag is 0. 


Execute Pause Flag (2 [bit 25] in Figure 3.14) 

EP (W) Execute Pause flag 
When the program execute control flag (see below) is 1, the executing pro- 
gram pauses if 1 is written to the flag. This condition does not change when 
it pauses or when the program execute flag is 0. 


D0-Bus DMA Execution Flag (3 [bit 23] in Figure 3.14) 
TO (R) Transfer 0 
This flag becomes 1 when executing DMA using the DO-Bus. 


Sine Flag (4 [bit 22] in Figure 3.14) 
S (R) Sign flag 
This flag becomes 1 when the operation result is negative. 


Zero Flag (5 [bit 21] in Figure 3.14) 
Z (R) Zero flag 
This flag becomes 1 when the operation result is 0. 


Carry Flag (6 [bit 20] in Figure 3.14) 
C (R) Carry flag 
This flag becomes 1 when carry occurs in the operation result. 


Overflow Flag (7 [bit 19] in Figure 3.14) 
V (R) oVerflow flag 
This flag becomes 1 when the operation results causes overflow (or 


underflow). This flag is reset by the read out. 
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Program End Interrupt Flag (8 [bit 18] in Figure 3.14) 

E (R) End flag 
This flag becomes 1 and causes program end interrupt to occur when the 
program ended by the ENDI command is detected. This flag is reset by the 
read out. 


Step Execute Control BIt (9 [bit 17] in Figure 3.14) 

ES (W) Execute Step control bit 
The program executes 1 step if a 1 is written while the program is stopped 
(when the program execute control flag is 0). Invalid while executing. 


Program Execute Control Flag (10 [bit 16] in Figure 3.14) 

EX (R/W) program EXecute control flag 
Controls execution of program. Execution begins by writing 1 and stops by 
writing 0. When this flag is read out, it can be determined whether execution 
is in progress (1) or is stopped (0). 


Program Counter Transfer Enable Bit (11 [bit 15] in Figure 3.14) 

LE (W) Load Enable bit 
This bit decides whether or not the program RAM address (see below) is to be 
loaded to the program counter. The program RAM address is loaded to the 
program counter if 1 is written to the bit. The address can not be loaded 
when the program is being executed (when the program execute control flag 
is 1). 


Program RAM Address (12~19 [bit 7~0] in Figure 3.14) 

P7-0 (R/W) Program RAM address bit 7-0 
Stores the address of the program RAM. Also, is able to set the begin address 
and read the stop address. 





DSP Program RAM Data Port 

Details of the DSP program RAM data port are shown in Figure 3.15. Data is loaded 
into the program RAM by writing data stored in the program RAM area from the CPU. 
After loading, the program RAM address of the program control port counts up 1. 
However, write is prohibited while the program is being executed (when program 
execute control flag is 1). This port is write only. 
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Figure 3.15 DSP Program RAM Data Port (Register: PPD) Initial Value Undefined 





DSP Data RAM Address Port 


The DSP data RAM address port is shown in Figure 3.16. This sets the data RAM ad- 
dress to be accessed. However, write is prohibited while the program is being executed 
(when program execute control flag is 1). 
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Figure 3.16 DSP Data RAM Address Port (Register: PDA) Initial Value Q0O000000H 





Data RAM Select Bit (1~2 [bit 7~6] in Figure 3.16) 
RA7-6 (W) RAM select bit bit 7-6 
Shows the page of the read RAM data. Table 3.5 shows the RAM page selection. 


Table 3.5 RAM Page Select 


Select RAM Page 


Selects RAMO 


Selects RAM1 
Selects RAM2 
Selects RAM3 





Data RAM Address (3~8 [bit 5~0] in Figure 3.16) 
RA5-0 (W) RAM address bit 5-0 
Indicates the read data RAM address. 
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DSP Data RAM Data Port 

Details of the DSP data RAM data port are shown in Figure 3.17. The data RAM 
data is accessed from this port. The data RAM address of the DSP data RAM ad- 
dress port increases by 1 when accessed. However, access is prohibited while the 
program is being executed (when program execute control flag is 1). This port can 
read and write. 
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Figure 3.17 DSP Data RAM Data Port (Register: PDD) Initial Value Undefined 
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3.4 Timer Registers 


Timer 0 Compare Register 

The Timer 0 compare register is shown in Figure 3.18. (Timer 0 is a counter that 
increases on receiving an H-Blank-IN signal, and that is cleared by a V-Blank-END 
signal.) 
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Figure 3.18 Timer 0 Compare Register (Register: TOC) Initial Value Undefined 





Timer 0 Compare Data (1~1 

0 [bit 9~0] in Figure 3.18) 

TOC9-0 (W) Timer 0 Compare data bit 9-0 
When the value of Timer 0 is equal to the value of this register, timer 0 inter- 
rupt will occur. 


Timer 1 Set Data Register 


The Timer 1 set data register is shown in Figure 3.19. (Timer 1 sets the data of this 
register by the H-Blank-IN signal receive, automatically counts down by 7 MHz, and 
when the Timer 1 value is 0, executes interrupt.) 
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Figure 3.19 Timer 1 Set Data Register (Register: T1S) Initial Value Undefined 





Timer 1 Set Data (1~9 [bit 8~0] in Figure 3.19) 
T1S8-0 (W) Timer 1 Set data bit 8-0 
Sets the value that is set in Timer 1. 
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Timer 1 Mode Register 


Details of the Timer 1 mode register are shown in Figure 3.20. How occurrence of 
Time is set is decided by this register. 
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Figure 3.20 Timer 1 Mode Register (Register: T1MD) Initial Value OOO00000H 





Timer 1 Mode Bit (1 [bit 8] in Figure 3.20) 

TIMD (W) Timer 1 MoDe bit 
This bit specifies the occurrence of Timer 1. Table 3.6 shows what happens 
when it occurs. 


Table 3.6 Timer 1 Occurrence Selection 


Occurrence Selection 


Interrupt occurs at each line 


1 Occurs only at lines indicated by Timer 0 





Timer Enable Bit (2 [bit 0] in Figure 3.20) 

TENB (W) Timer ENaBle bit 
This bit turns the timer operation ON/OFF. Operation details are shown in 
Table 3.7. 


Table 3.7 Timer Operation Contents 


Timer Operation 


Timer operation off 


1 Timer operation on 
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3.5 Interrupt Control Registers 
Interrupt Mask Register 


The interrupt register is shown in Figure 3.21. It does not mask interrupt when the 
value of this register is 0, and masks interrupt when it is 1. 
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Figure 3.21 Interrupt Mask Register (Register: IMS) Initial Value OOOOBFFFH 





A-Bus Interrupt Mask Bit (1 [bit 15] in Figure 3.21) 
IMS15 (W) Interrupt MaSk bit bit 15 
Indicates whether to mask the A-Bus interrupt. 


Sprite Draw End Interrupt Mask Bit (2 [bit 13] in Figure 3.21) 
IMS13 (W) Interrupt MaSk bit bit 13 
Indicates whether to mask the sprite draw end interrupt. 


DMaA Illegal Interrupt Mask Bit (3 [bit 12] in Figure 3.21) 
IMS12 (W) Interrupt MaSk bit bit 12 
Indicates whether to mask the DMA illegal interrupt. 


Level-0-DMA End Interrupt Mask Bit (4 [bit 11] in Figure 3.21) 
IMS11 (W) Interrupt MaSk bit bit 11 
Indicates whether to mask the level-0-DMA end interrupt. 


Level-1-DMA End Interrupt Mask Bit (5 [bit 10] in Figure 3.21) 
IMS10 (W) Interrupt MaSk bit bit 10 


Indicates whether to mask the level-1-DMA end interrupt. 


Level-2-DMA End Interrupt Mask Bit (6 [bit 9] in Figure 3.21) 
IMS9 (W) Interrupt MaSk bit bit 9 
Indicates whether to mask the level-2-DMA end interrupt. 


PAD Interrupt Mask Bit (7 [bit 8] in Figure 3.21) 
IMS8 (W) Interrupt MaSk bit bit 8 
Indicates whether to mask the interrupt from PAD. 


System Manager Interrupt Mask Bit (8 [bit 7] in Figure 3.21) 
IMS7 (W) Interrupt MaSk bit bit 7 
Indicates whether to mask the interrupt from the system manager. 


Sound Request Interrupt Mask Bit (9 [bit 6] in Figure 3.21) 
IMS6 (W) Interrupt MaSk bit bit 6 
Indicates whether to mask the sound request interrupt. 
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DSP End Interrupt Mask Bit (10 [bit 5] in Figure 3.21) 
IMS5 (W) Interrupt MaSk bit bit bit 5 
Indicates whether to mask the DSP end interrupt. 


Timer 1 Interrupt Mask Bit (11 [bit 4] in Figure 3.21) 
IMS4 (W) Interrupt MaSk bit bit 4 
Indicates whether to mask the Timer 1 interrupt. 


Timer 0 Interrupt Mask Bit (12 [bit 3] in Figure 3.21) 
IMS3 (W) Interrupt MaSk bit bit 3 
Indicates whether to mask the Timer 0 interrupt. 


H-Blank-IN Interrupt Mask Bit (13 [bit 2] in Figure 3.21) 
IMS2 (W) Interrupt MaSk bit bit 2 
Indicates whether to mask the H-Blank-IN interrupt. 


V-Blank-OUT Interrupt Mask Bit (14 [bit 1] in Figure 3.21) 
IMS1 (W) Interrupt MaSk bit bit 1 
Indicates whether to mask the V-Blank-OUT interrupt. 


V-Blank-IN Interrupt Mask Bit (15 [bit 0] in Figure 3.21) 
IMSO (W) Interrupt MaSk bit bit 0 
Indicates whether to mask the V-Blank-IN interrupt. 


Interrupt Status Register 
Figure 3.22 shows the interrupt status register. 
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Figure 3.22 Interrupt Status Register (Register: IST) Initial Value OO0O00000H 





These status registers are all read/write registers; the read and write meanings are as 
shown in Table 3.8. 
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Table 3.8 Interrupt Status Bit Contents 


a ee inferrupt dese novoccur 


Interrupt does occur 


Write a Resets interrupt 
Maintains current interrupt status 


External Interrupt Status Bit (1~16 [bit 31-16] in Figure 3.22) 

IST31-16 (R/W) Interrupt STatus bit bit 31-16 
Shows the status of 16 external interrupts from external interrupt 15 (1 in 
Figure 3.25) to external interrupt 0 (16 in Figure 3.25). 





Sprite Draw End Interrupt Status Bit (17 [bit 13] in Figure 3.22) 
IST13 (R/W) Interrupt STatus bit bit 13 
Shows interrupt status of sprite draw end. 


DMA Illegal Interrupt Status Bit (18 [bit 12] in Figure 3.22) 
IST12 (R/W) Interrupt STatus bit bit 12 
Shows interrupt status of DMA illegal. 


Level-0-DMA End Interrupt Status Bit (19 [bit 11] in Figure 3.22) 
IST11 (R/W) Interrupt STatus bit bit 11 
Shows interrupt status of level-O-DMA end. 


Level-1-DMA End Interrupt Status Bit (20 [bit 10] in Figure 3.22) 
IST10 (R/W) Interrupt STatus bit bit 10 
Shows interrupt status of level-1-DMA end. 


Level-2-DMA End Interrupt Status Bit (21 [bit 9] in Figure 3.22) 
IST9 (R/W) Interrupt STatus bit bit 9 
Shows interrupt status of level-2-DMA end. 


PAD Interrupt Status Bit (22 [bit 8] in Figure 3.22) 
IST8 (R/W) Interrupt STatus bit bit 8 
Shows status of interrupt from PAD. 


System Manager Interrupt Status Bit (23 [bit 7] in Figure 3.22) 
IST7 (R/W) Interrupt STatus register bit bit 7 
Shows status of interrupt from the system manager. 


Sound Request Interrupt Status Bit (24 [bit 6] in Figure 3.22) 
IST6 (R/W) Interrupt STatus bit bit 6 
Shows status of sound request interrupt. 
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DSP End Interrupt Status Bit (25 [bit 5] in Figure 3.22) 
IST5 (R/W) Interrupt STatus bit bit 5 
Shows status of DSP end interrupt. 


Timer 1 Interrupt Status Bit (26 [bit 4] in Figure 3.22) 
IST4 (R/W) Interrupt STatus bit bit 4 
Shows status of Timer 1 interrupt. 


Timer 0 Interrupt Status Bit (27 [bit 3] in Figure 3.22) 
IST3 (R/W) Interrupt STatus bit bit 3 
Shows status of Timer 0 interrupt. 


H-Blank-IN Interrupt Status Bit (28 [bit 2] in Figure 3.22) 
IST2 (R/W) Interrupt STatus register bit bit 2 
Shows status of H-Blank-IN interrupt. 


V-Blank-OUT Interrupt Status Bit (29 [bit 1] in Figure 3.22) 
IST1 (R/W) Interrupt STatus bit bit 1 
Shows status of V-Blank-OUT interrupt. 


V-Blank-IN Interrupt Status Bit (30 [bit 0] in Figure 3.22) 
ISTO (R/W) Interrupt STatus bit bit 0 
Shows status of V-Blank-IN interrupt. 





3.6 A-Bus Control Registers 


A-Bus Interrupt Acknowledge Register 
Figure 3.23 shows the A-Bus interrupt acknowledge register. 
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Figure 3.23 A-Bus Interrupt Acknowledge Register (Register: AIACK) Initial Value OOO00000H 


A-Bus Interrupt Acknowledge (1 [bit 0] in Figure 3.23) 

AIACK (R/W) A-Bus Interrupt ACKnowledge 
This shows the effectiveness or ineffectiveness of interrupts from the devices 
that exist on the A-Bus. This bit can read and write. The meaning of the bit is 
shown in Table 3.9. If interrupt is requested, the A-Bus interrupt acknowledge 
cycle occurs, the interrupt classification data (16 bit) is fetched, and by means 
of its contents, the current interrupt condition can be acknowledged. If this 
cycle occurs, and since the AIACK bit must be 0 and the A-Bus interrupt be 
comes ineffective, the AIACK bit must be reset to receive interrupt from the 
A-Bus. 


Table 3.9 A-Bus Interrupt Acknowledge Contents 


Contents 


La Invalid A-Bus interrupt 


Valid A-Bus interrupt 


Write | 0 & Invalid A-Bus interrupt 
Valid A-Bus interrupt 
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A-Bus Set Register 

There are a total of four types of spaces arranged as spaces connected to the A-Bus, 
chip select 0 ~ 2 (hereafter referred to as CS) which includes three types of spaces 
that are output and one type of dummy space that CS does not output. 


The register relating to the A-Bus is determined by the connecting devices and 
therefore must be set to include all devices. Make sure that there is no excessive 
change in the value after it has been set. 


CSO, CS1, and CS2 Dummy Space A-Bus Set Registers 
Figure 3.24 shows the CSO and CS1 spaces, and Figure 3.25 shows the CS2 spaces 
and dummy spaces of the A-Bus set register. 


b24 b23 b16 b15 


bO 
asreoosd t [2 [S]4 1518] 7 [819 [Ol ]r2] raya] =| 15] 16] 17] 1] ol e0] aH ea 29] 24] 25) 26] 27] 2829] — [20 





Figure 3.24 A-Bus Set Register [CS0, CS1 Spaces] (Register: ASRO) Initial Value 00000000H 
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Figure 3.25 A-Bus Set Register [CS2, Dummy Spaces] (Register: ASR1) Initial Value 00000000H 


CSO Space Previous Read Bit (1 [bit 31] in Figure 3.24) 

AOPRD (W) A-Bus CSO Previous ReaD bit 
This bit decides whether the data previous read process of CSO space is 
effective or not. The time period from when access begins until data output 
is reduced by the previous data read process. This is effective only for data 
that is stored in the address following the accessed data; other addresses do 
not change with normal access. A 1 shows it is effective, 0 shows it is not 
effective. Figure 3.26 shows the result when the previous read is effective. 


CLK 
CPU RD 


CPU DATA KX 2-8 >_<) E)— 


Collects the next address 
data in advance (preread) 


Decreases loss time from beginning * The clock in the figure is 
of access until data is output the SCU internal clock 


Figure 3.26 Result of Previous Read Process 





Pre-charge Insert Bit After CSO Space Write (2 [bit 30] in Figure 3.24) 

AOWPC (W) A-Bus CSO after Write Pre-Charge insert bit 
After data is written in the CSO space, 1 clock no-process condition can be 
inserted. This is the bit that decides whether the process is effective or inef- 
fective: 1 shows it is effective; 0 shows it is ineffective. This bit does not 
affect the operation after CSO space read. The operation when this bit 
has been set is shown in Figure 3.27. 





After Read After Write After Write After Read 
1 clock 2 clock 2 clock 1 clock 


*The clock in the figure is the SCU internal clock 





Figure 3.27 Timing when Setting the Pre-Charge Insert Bit after Write 


Pre-charge Insert Bit After CSO Space Read (3 [bit 29] in Figure 3.24) 

AORPC (W) A-Bus CSO Previous ReaD bit 
After CSO space data is read, 1 clock no-process condition can be inserted. 
This is the bit that decides whether the process is effective or ineffective: 1 
shows it is effective; 0 shows it is ineffective. This bit does not affect the 
operation after CSO space write. The operation when this bit has been set is 
shown in Figure 3.28. Depending on the type of device, this bit is set because 
a fixed period is required after CS is set to High until the next CS is set to 
Low. this is true for write as well. 
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After Read After Write After Write After Read 
2 clock 1 clock 1 clock 2 clock 
* Clock in the figure is the SCU internal clock 





Figure 3.28 Timing when Setting the Pre-Charge Insert Bit after Read 


CSO External Wait effective Bit (4 [bit 28] in Figure 3.24) 

AOEWT (W) A-Bus CSO External WaiT effective bit 
Wait can be inserted by force by the external ane when accessing the CSO 
space via the A-Bus. Whether the process will be effective or not is decided 
by this bit. A 1 shows that the process is effective, 0 shows that the process is 
ineffective. When the process is effective, wait will continue as long as the 
external wait signal is “Low” at the time of the SCU wait sampling. Figure 
3.29 shows the difference in timing charts when external wait is effective or 
ineffective. 


Timing when External Wait Timing when External Wait 
is Ineffective is Effective 


* Clock in the figure is the SCU internal clock 





Figure 3.29 Differences in Timing by Setting External Wait Effective Bit 


CSO Space Burst Cycle Wait Number Set Bit (5~8 [bit 27~24] in Figure 3.24) 

AOBW3-0 (W) A-Bus CSO Burst cycle Wait bit 3-0 
In the CSO space, the wait number is set for 1 cycle while a burst access is 
being performed. Table 3.10 shows the set values. 
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Table 3.10 CSO Space Burst Cycle Set Values 


E07 


Fo | 0 | 0 __|Nowalt (wait does not sample) _ 
Pa = = i 
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CSO Normal Cycle Wait Number Set Bit (9~12 [bit 23~20] in Figure 3.24) 

AONW3-0 (W) A-Bus CSO Normal cycle Wait bit 3-0 
In the CSO space, the wait number is set for 1 cycle during normal access. 
Table 3.11 shows the set values. 








Table 3.11 CSO Space Normal Cycle Set Values 


Paonwa | AoNw2 | AONWA | AONWO_| 

Po [| 0 | 0 | 0 |Nowalt (does not sample wails) 
fo fo | 0 | 1 |igcewat 
Ea fe ieee a Me 
Patt Of iaeycle wat SCS 


CSO Burst Length Set Bit (13~14 [bit 19~18] in Figure 3.24) 

AOLN1-0 (W) A-Bus CSO burst LeNgth bit 1-0 
In the CSO space, the length (boundary) to be accessed is designated during 
burst access. Table 3.12 shows the length set values. 





Table 3.12 CSO Space Burst Length Set Values 


Access Values 


| oO | | Noburstaccess 


| = =6©O.CtCidEs A 4 address burst access 
"a, Wi 256 address burst access 
No boundary 
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CSO Space Bus Size Set Bit (15 [bit 16] in Figure 3.24) 
A0SZ (W) A-Bus CSO bus SiZe bit 
Sets the A-Bus size in the CSO space. Table 3.13 shows the set values. 


Table 3.13 CSO Space Bus Set Values 


re O | Indicates 16 bit bus 
Indicates 8 bit bus 





CS1 Space Previous Read Effective Bit (16 [bit 15] in Figure 3.24) 

AIPRD (W) A-Bus CS1 Previous ReaD bit 
This bit decides whether the data previous read process of CS1 space is effec- 
tive or not. The data previous read processes rede the time from access 
start until data output. This is effective only for data that is stored in address 
that follows the accessed data. Other addresses do not change with normal 
addresses. A 1 shows it is effective, a 0 shows it is not effective. See Figure 
3.26 for the result when previous read is effective. 


Pre-charge Insert Bit After CS1 Space Write (17 [bit 14] in Figure 3.24) 

A1WPC (W) A-Bus CS1 after Write Pre-Charge insert bit 
Non-process conditions of 1 clock can be inserted after writing data to CS1 
space. This is the bit that decides whether the process is effective or ineffec- 
tive. A 1 shows it is effective, a 0 shows it is ineffective. This bit has no effect 
on the operation after read. Figure 3.26 shows the operation when this bit 
has been set. 





Pre-charge Insert Bit After CS1 Space Read (18 [bit 13] in Figure 3.24) 

A1RPC (W) A-Bus CS1 Read Pre-Charge insert bit 
One clock worth of non-process condition can be inserted after reading data 
to CS1 space. This is the bit that decides whether the process is effective or 
ineffective. A 1 shows it is effective, a 0 shows it is ineffective. This bit has 
no effect on the operation after write. Figure 3.28 shows the operation when 
this bit has been set. 
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CS1 Space External Wait Effective Bit (19 [bit 12] in Figure 3.24) 
AIEWT (W) A-Bus CS1 External WaiT effective bit 
Wait can be entered by force by an external signal when accessing the CS1 
space via the A-Bus; however, whether the process will be effective or not is 
decided by this bit. A 1 shows that the process is effective, a 0 shows that the 
rocess is ineffective. When the process is effective, wait will continue as 
ong as the external signal is “Low.” Figure 3.29 shows differences in 
timing charts when external wait is effective vs. ineffective. 


CS1 space Burst Cycle Wait Number Set Bit (20~23 [bit 11~8] in Figure 3.24) 

A1BW3-0 (W) A-Bus CS1 Burst cycle WaiT bit 3-0 
In the CS1 space, the wait number is set for 1 cycle while a burst access is 
performed. Table 3.14 shows the set values. 





Table 3.14 CS1 Space Burst Cycle Set Values 


Pavews | Aew2 | AiBwi | ATBWwO_| 
feOd 


Fo | 0 | 0 |Nowalt (Does not sample wait) 
[: Sy 
[0 [eye wat 


CS1 Normal Cycle Wait Number Set Bit (24~27 [bit 7~4] in Figure 3.24) 

A1INW3-0 (W) A-Bus CS1 Normal cycle Wait bit 3-0 
In the CS1 space, the wait number is set for 1 cycle during a normal access. 
Table 3.15 shows the set values. 





Table 3.15 CS1 Space Normal Cycle Set Values 


Paanwa | ainwa | AINWi | AINWO_ 
Fo | 0 | 0 __|Nowalt (Does not sample wail) _ 


aed 

of of 0 | 1 |tocewat 
Ne 
a tt [0 fisqcewat SSCS~S 
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CS1 space Burst Length Bit (28~29 [bit 3~2] in Figure 3.24) 

AILN1-0 (W) A-Bus CS1 burst LeNgth bit 1-0 
The access length (boundary) is indicated while burst accessing in CS1 space. 
Table 3.16 shows length values. 


Table 3.16 CS1 Space Burst Length Set Values 


A1LN1 A1LNO 
Po [0 No burst access 


=e ee 4 Address burst access 
(a ee | es 256 Address burst access 
No boundary 


CS1 space Bus Size Set Bit (30 [bit 0] in Figure 3.24) 
A1SZ (W) A-Bus CS1 bus SiZe bit 
Sets the A-Bus bus size in the CS1 space. Table 3.17 shows the set values. 





Table 3.17 CS1 Space Bus Size Set Values 


| AtSz_ | Buss Size Settings 
| 0s Indicates 16-bit bus 


Indicates 8-bit bus 





CS2 Space Previous Read Effective Bit (1 [bit 31] in Figure 3.25) 

A2PRD (W) A-Bus C82 Previous ReaD bit 
This bit decides whether the data in the previous read process of CS2 is 
effective or not. The data previous read process reduces the time from 
access start until data output. This is effective only for data that is stored in 
the address _ that follows the accessed data. Other addresses do not change 
with normal addresses. A 1 shows it is effective, a 0 shows it is not effective. 
See Figure 3.25 for the effect when previous read is effective. 
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Pre-charge Insert Bit After Writing CS2 Space (2 [bit 30] in Figure 3.25) 

A2WPC (W) A-Bus CS2 after Write Pre-Charge insert bit 
A no-process condition of 1 clock can be inserted after writing data to CS2. 
This is the bit that decides whether the process is effective or ineffective. A 
1 shows it is effective, a 0 shows it is ineffective. This bit has no effect on the 
operation after read. Figure 3.27 shows the operation when this bit has been 
set. 


Pre-charge Insert Bit After Reading CS2 Space (3 [bit 29] in Figure 3.25) 

A2RPC (W) A-Bus CS2 Read Pre-Charge insert bit 
A no-process condition of 1 clock can be inserted after reading data to CS2. 
This is the bit that decides whether the process is effective or ineffective. A 
1 shows it is effective, a 0 shows it is ineffective.This bit does not affect the 
operation after write. Figure 3.28 shows the operation when this bit has 
been set. 





CS2 Space External Wait Effective Bit (4 [bit 28] in Figure 3.25) 

A2EWT (W) A-Bus CS2 External Wait effective bit 
Wait can be entered by force by an external signal when accessing the CS2 
space via the A-Bus. Whether the process will be effective or not is decided by 
this bit. A 1 shows that the process is effective, a 0 shows that the process is 
ineffective. When the process is effective, wait will continue as long as the 
external signal is “Low.” Figure 3.29 shows differences in timing charts 
when external wait is effective vs. ineffective. 


CS2 Space Burst Length Bit (5~6 [bit 19~18] in Figure 3.25) 

A2LN1-0 (W) A-Bus CS2 burst LeNgth bit 1-0 
The access length (boundary) is indicated while burst accessing in CS2. 
Table 3.18 shows the length settings. 


Table 3.18 CS2 Space Burst Length Set Values 


| | access Settings 
A2LN1 A2LNO 


| oC | No burst access 


Se a ee 4 Address burst access 
ak: 256 Address burst access 


CS2 Bus Size Set Bit (7 [bit 16] in Figure 3.25) 
A2SZ (W) A-Bus C82 bus SiZe bit 
Sets the A-Bus bus size in the CS2 space. Table 3.19 shows the set values. 
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Table 3.19 CS2 Space Bus Size Set Values 


| Aasz | Buss Size Settings 
| 0s Indicates 16-bit bus 


Indicates 8-bit bus 





Dummy Space Previous Read Effective Bit (8 [bit 15] in Figure 3.25) 

A3PRD (W) A-Bus CS3 Previous ReaD bit 
This bit decides whether the data previous read process of dummy space is 
effective or not. The data previous read process reduces the time from access 
start until data output. This is effective only for data that is stored in address 
that follows the accessed data. Other addresses do not change with normal 
addresses. A 1 shows it is effective, a 0 shows it is not effective. See Figure 
3.26 for the result when previous read is effective. 


After Pre-charge Insert Bit Dummy Space Write (9 [bit 14] in Figure 3.25) 

A3WPC (W) A-Bus CS3 after Write Pre-Charge insert bit 
Non-process conditions of 1 clock can be inserted after writing data to 
dummy space. This is the bit that decides whether the process is effective or 
ineffective. A 1 shows it is effective, a 0 shows it is ineffective. This bit hasno 
effect on the operation after read. Figure 3.27 shows the operation when 
this bit has been set. 


After Pre-charge Insert Bit Dummy Space Read (10 [bit 13] in Figure 3.25) 

A3RPC (W) A-Bus CS3 Read Pre-Charge insert bit 
Non-process conditions of 1 clock can be inserted after reading data to 
dummy space. This is the bit that decides whether the process is effective or 
ineffective. A 1 shows it is effective, a 0 shows it is ineffective. This bit does 
not affect the operation after write. Figure 3.28 shows the operation when 
this bit has been set. 





Dummy Space External Wait Effective Bit (11 [bit 12] in Figure 3.25) 

A3EWT (W) A-Bus CS3 External WaiT effective bit 
Wait can be entered by force by an external signal when accessing the 
dummy space via the A-Bus. Whether the process will be effective or not is 
decided by this bit. A 1 shows that the process is effective, a 0 shows that the 
es is ineffective. When the process is effective, wait will continue as 
ong as the external signal is “Low.” Figure 3.29 shows differences in 
timing charts for when external wait is effective vs. when it is ineffective. 


Dummy Space Burst Cycle Wait Number Set Bit (12~15 [bit 11~8] in Figure 3.25) 
A3BW3-0 (W) A-Bus CS3 Burst cycle Wait bit 3-0 
In dummy space, the wait number is set for 1 cycle while a burst access is 
performed. Table 3.20 shows the set values. 
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No wait (wait not sampled) 
7 : 


Dummy Space Normal Cycle Wait Number Bit (16~19 [bit 7~4] in Figure 3.25) 
A3NW3-0 (W)  A-BusCS 3 Normal cycle Wait bit 3-0 
In the dummy space, the wait number is set for 1 cycle during normal 
accessing. Table 3.21 shows the set values. 





Table 3.21 Dummy Space Normal Cycle Set Values 


No wait (wait not sampled) 
1 cycle wait 
14 cycle wait 

15 eycle wait 


Dummy Space Burst Length Set Bit (20~21 [bit 3~2] in Figure 3.25) 

A3LN1-0 (W) A-BusCS 3 burst LeNgth bit 1-0 
In the dummy space, the length (boundary) to be accessed is designated 
during burst access. Table 3.22 shows the length set values. 





Table 3.22 Dummy Space Burst Length Set Values 


A3LN1 A3LNO 
| OT | “Noburstaccess 


Access Settings 


| 0 | 1 | 4 address burst access 
| = 4)—SCdTSSséSd”sSs256 adress burst access 
No boundary 
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Dummy Space Bus Size Set Bit (22 [bit 0] in Figure 3.25) 
A3SZ (W) A-Bus CS3 bus SiZe bit 
Sets the A-Bus bus size in the dummy space. Table 3.23 shows the set values. 


Table 3.23 Dummy Space Bus Size Set Values 


| ABSZ_ | Bus SizeSettings 
| = 0—sIndicates 16 bit bus 





Indicates 8 bit bus 


A-Bus Refresh Register 
Figure 3.30 shows the A-Bus refresh register. 


b31 b24 b23 b16 b15 b8 


b7 bO 
asreooBa| —|—|—|—|—|—|—|—|—|=|-]~}-|=|=|-]-|—-|=|-Iefe }= ye] -|-]-} 1 fats] 475 


Figure 3.30 A-Bus Refresh Register (Register: AREF) Initial Value OOO00000H 





A-Bus Refresh Output Effective Bit (1 [bit 4] in Figure 3.30) 

ARFEN (W) A-Bus ReFresh ENable bit 
Makes effective the refresh cycle output of A-Bus. A 1 indicates it is effective, 
a 0 indicates it is not effective. 





A-Bus Refresh Wait Number Set Bit (2~5 [bit 3~0] in Figure 3.30) 
ARWT3-0 (W) A-Bus Refresh WaiT bit 3-0 
Sets the A-Bus refresh cycle wait number. Table 3.24 shows the details. 





Table 3.24 A-Bus Refresh Wait Number 


dni 


oO wait 


a a 
Pot |teycewat SSS 
rs: |: | WP] UUUTTOTCS 
Patt 0 _iaeycewat SS 
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3.7 SCU Control Registers 


SCU SDRAM Select Register 

The SCU has a register that designates the SDRAM configuration. The SDRAM 
select register is shown in Figure 3.31. This register is at address 25FEO0C4H within 
the SCU. 


b31 b24 b23 b16 b15 b8 b7 


25FE0004 BeBe Ss seeeeceeesecerr ao icseeeen 


Figure 3.31 SCU SDRAM Select Bit (Register: RSEL) Initial Value 00000000H 


SD-RAM Select Bit (1 [bit 0] in Figure 3.31) 
RSEL (R/W) RAM SELect bit 
RSEL=0 indicates 2 Mbit X 2 
RSEL=1 indicates 4 Mbit X 2 


SCU Version Register 


SCU has a register showing the chip version. This register is at the address 
25FEO0CS8H within the SCU. The version register is shown in Figure 3.32. 


b31 b24 b23 b16 b15 b8 b7 


ssremod—[—[=[= [1-1-1 Ea ee --E EE 


Figure 3.32 SCU Version Register (Register: VER) Initial Value 00000000H 


Version Number (1~4 [bit 3~0] in Figure 3.32) 

VER 3-0 (R) VERsion number bit 3~0 
Shows the SCU chip version. Because there are 4 bits, this supports version 
0~15 chips. 
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4.1 DSP Internal BLOCK MAP 


Figure 4.1 (on the next page) is an internal block map of the DSP. 
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¢ ALU 


This arithmetic unit is able to output up to 48 bits. Normal calcula- 
tions are executed at 32 bits. Only product sum operations become 


48-bit operations. 


e MULTIPLIER 


e TOP (W) 


e LOP (W) 


e CT0-3 (W) 


This multiplier outputs a low-order 48 bit from among the 64 bit 
results obtained by 32 bit X 32 bit. The calculation results are in 48 bit 
data; the high-order 16 bit is stored in PH and the low order 32 bit is 
stored in PL (see below). 


This is an 8 bit register that stores the lead address. The jump 
command and subroutine execution process store the lead address in 


this register and execute the process. 


This is a 12 bit register that stores the loop counter. The number of 
loops is set by the process of repeating 1 command. 


This is a 6 bit register that stores the access address of data RAMO-3. 


e MDO-3 (R/W) 


e RA (W) 


e RX (W) 


e RY (W) 


e PH (W) 


e PL (W) 
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This is a 32 bit unit data port that stores the data of data 
RAMO-3. There are 64 data ports in each data RAM. 


This is the address that stores the register for accessing the data 
RAM. This register is 8 bit. The RAM designation number (0-3) is 
stored by a high-order 2 bit. The RAM access address is stored by a 
low-order 6 bit. 


This is the 32 bit X-bus connection register that stores the multiplier 
input data. 


This is the 32 bit Y-bus connection register that stores the multiplier 
input data. 


This register stores the high-order 16 bit within the 48 bit multiplier 
output data. There is also an input data storage register that stores 
the high-order 16 bit within ALU arithmetic unit input data B (48bit). 


This register stores the low-order 32 bit within the 48 bit of multiplier 
output data. There is also an input data storage register that stores 
the low-order 32 bit within ALU arithmetic unit input data B (48bit). 


e ACH (W) _ This register stores the high-order 16 bit within 48 bit data showing 
the ALU calulation results. There is also an imput data storage 
register that stores the high-order 16 bit within ALU arithmetic unit 
input data A(48bit). 


e ACL (W) This register stores the low-order 32 bit within the 48 bit data 
showing the ALU calulation results. There is also an imput data 
storage register that stores the low-order 32 bit within ALU arithmetic 
unit input data A(48bit). 


e DO Bus This is a 32 bit data bus for external access. It operates at 28 MHz. 
It is used in accessing the main CPU. 


e X-Bus, Y-Bus 
This is a 32 bit data bus for aquiring arithmetic unit input data. It 
operates at 14 MHz. 


eRAO(W) _ This is a 32 bit external address register used in external - DSP DMA 
transfer. Since it takes a 4 byte unit value, the external address should 
be shifted right 2 bits. 


e WAO (W) _ This is a 32 bit external address register used in DSP > external DMA 


transfer. Since it takes a 4 byte unit value, the external address should 
be shifted right 2 bits. 
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4.2 List of Commands 


A list of commands used by DSP is given in Tables 4.1 to 4.4. 


Table 4.1 List of Commands (1) 


Operation Command} si sid 


fC cana NOP apa 
[oR | Takes he OR operaton of'ACLTanaPUL =| 
[RR ee ea gr a 


in carry flag. 
FRL_____| Rotates (ACL] eft Bt stores MSEin cary Tag. 
RLE____| olates [ACL] eR Bs, sores B24 carry fag. 
X-Bus Control 
Y-Bus Control 


MOV Simm, [d] | Slmm (short immediate) data is stored in a register or a data 
RAM designated by [d]. 

MOV [s], [d] Data is transfered to the RAM designated by [s] or data RAM 
designated by [d] from the register. 

Load Immediate Imm , Stores Imm (immediate) data in register or in data RAM 
Commands designated 7 [d] 

MVI Imm , , Z| When Z (zero flag) of the program control port is 1, Imm 
(immediate) data is stored in register or in data RAM 
designated by [d 

MVI Imm , [d] , NZWhen Z (zero flag) ) of the program control port is 0, Imm 
(immediate) data is stored in register or in data RAM 
nea by [d 
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Table 4.2 List of Commands (2) 


Load Immediate |MVI Imm, [d] , S 


commands 


DMA Commands | DMA DO, [RAM], 
Slmm 
DMA [RAM], Do, 
Simm 


SCU User’s Manual 


’ 


MVI Imm , [d] 
MVI Imm, [d] 
MVI Imm, [d] , 
MVI Imm , [d] 
MVI Imm , [d] 
MVI Imm , [d], 
MVI Imm , [d] 


’ 


’ 


’ 


Cc 


NG 


T 


NTQ 


ZS 


NZ 


Overview of Operation 


When S (sine flag) of the program control port is 1, Imm 
(immediate) data is stored in register or in data RAM 
designated by [d] 


, NS When S (sine flag) of the program control port is 0, Imm 


(immediate) data is stored in register or in data RAM 
designated by [d] 


When C (carry flag) of the program control port is 1, Imm 
(immediate) data is stored in register or in data RAM 
designated by [d] 


When C (carry flag) of the program control port is 0, Imm 
(immediate) data is stored in register or in data RAM 
designated by [d] 


When TO (flag while executing DO bus DMA) of the program 
control port is 1, Imm (immediate) data is stored in register o 
in data RAM designated by [d] 


) When TO (flag while executing DO bus DMA) of the program 
control port is 0, Imm (immediate) data is stored in register o 
in data RAM designated by [d] 


When either S (sine flag) or Z (zero flag) of the program 
control port is 1, Imm (immediate) data is stored in register o 
in data RAM designated by [d] 


SWhen both S (sine flag) and Z (zero flag) of the program 
control port are 0, Imm (immediate) data is stored in register 
or in data RAM designated by [d] 


Slmm (short immediate) data is set in the transfer word 
number counter ([TNO]) as the transfer counter, and 
transfers data to the RAM area designated by [RAM] from 
outside using DO-Bus. Transfer begin address ([RA0]) and 
transfer word number counter ([TNO]) are updated to the 
value when transfer ends. 


Slmm (short immediate) data is set in the transfer word 
number counter ([TNO]) as the transfer counter, and 
transfers data from the RAM area designated by [RAM] using 
DO-Bus to the outside. Transfer begin address ([WA0]) and 
transfer word number counter ([TNO]) are updated to the 
value when transfer ends. 
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Table 4.3 List of Commands (3) 


DMA Commands | DMA DO, [RAM], [s] Sets data within the data RAM designated by [s] as the 
transfer counter to the transfer word number counter 
([TNO]), and transfers data to the RAM area designated 
by [RAM] from outside using DO-Bus. Transfer begin 
address ([RAO]) and transfer word number counter 
([TNO]) are updated to the value when transfer ends. 


DMA [RAM], DO, [s] Sets data within the data RAM designated by [s] as the 
transfer counter to the transfer word number counter 
([TNO]), and transfers data to the outside from the RAM 
area designated by [RAM] using DO-Bus. Transfer begin 
address ([WAO]) and transfer word number counter 
({TNO]) are updated to the value at the time that transfer 
ends. 

DMAH DO, [RAM], Slmm} Slmm (short immediate) data is set in the transfer word 
number counter ([TNO]) as the transfer counter, and 
transfers data to the RAM area designated by [RAM] fro 
outside using DO-Bus. Transfer begin address ([RAO]) 
and transfer word number counter ([TNO]) keep the value 
when transfer begins. 

DMAH [RAM], DO, Slmm} Simm (short immediate) data is set as the transfer 
counter in the transfer word number counter ([TNO]), and 
transfers data from the RAM area designated by [RAM] ta 
the outside using DO-Bus. Transfer begin address 
([WAO]) and transfer word number counter ([TNO]) keep 
the value at the time that transfer ends. 

DMAH DO, [RAM], [s] Sets data within the data RAM designated by [s] as the 
transfer counter to the transfer word number counter 
({TNO]), and transfers data to the RAM area designated 
by [RAM] from outside using DO-Bus. Transfer begin 
address ([RAO]) and transfer word number counter 
([TNO]) keep the value at the time that transfer begins. 

DMAH [RAM], DO, [s] Sets data within the data RAM designated by [s] as the 
transfer counter to the transfer word number counter 
([TNO]) , and transfers data to the outside from the RAM 
area designated by [RAM] using DO-Bus. Transfer begin 
address ([WAO]) and transfer word number counter 
([TNO]) keep the value at the time that transfer begins. 


JUMP Commands JMP Imm Moves to the address shown by Imm (immediate) 
JMP._ Z, Imm Moves to the address shown by Imm (immediate) when 

the Z (zero flag) of the program control port is 1. 
JMP_ NZ, Imm Moves to the address shown by Imm (immediate) when 

the Z (zero flag) of the program control port is 0. 
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Table 4.4 List of Commands (4) 


JUMP CommandgJMP S, Imm When S (sine flag) of the program control port is 1, moves to 
address displayed by Imm (immediate) 

JMP_ NS, Imm | When §S (sine flag) of the program control port is 0, moves to 
address displayed by Imm (immediate) 

JMP_ C, Imm When C (carry flag) of the program control port is 1, moves to 
address displayed by Imm (immediate) 


JMP_ NC, Imm | When C (carry flag) of the program control port is 0, moves to 
address displayed by Imm (immediate) 

JMP TO, When TO (flag while executing DO Bus DMA) of the program 
control port is 1, moves to address ity by Imm 
(immediate) 

JMP NTO, Imm | When TO (flag while executing DO Bus DMA) of the program 
control port is 0, moves to address displayed by Imm 
(immediate) 


JMP ZS, Imm_ | When either Z (zero flag) or S (sine flag) of the program control 
port is 1, moves to address displayed by Imm (immediate) 


JMP NZS, Imm] When either Z (zero flag) or S (sine flag) of the program control 
port is 0, moves to address displayed by Imm (immediate) 


LOOP BOTTOM |BTM When loop counter ([LOP]) is any number but 0, the top addresk 
Commands register ([TOP]) is stored in the program counter and the loop 


counter ([LOP]) is decremented. No operation is done when 0. 


When loop counter ([LOP]) is any number but 0, the program 
counter stops, the next command is executed, loop counter 
([LOP]) is decremented. This is repeated until the loop counter 
is 0. 


END Commands | END Program stops and EX (program execute control flag) of the 
program control port is reset. 
ENDI Program stops and EX (program execute control flag) of the 
program control port is reset, and E (program end interrupt flag) 
is set. 
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e Description of Constants 
Follow the notation in Table 4.5. 


Table 4.5 Descriptions of Constants 


Description 


Place a'"%" before numbers %0010, %1111 


Digital Place nothing before nor after numbers 2, 10, 16, 32 
Place a "$" before numbers $05, $0A, $FF 
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4.3. Operand Execution Method 
DSP controls and executes registers as shown for the following commands. 


Jump Command Execution 

Jump command execution is attained by storing the jump destination address (Im- 
mediate Data) in the program RAM address of the program control port. But you 
should be aware that commands that are pre-fetched will be executed. The condi- 
tional JUMP command examines the condition of the program control port flag, and 
then, if the conditions are met, stores the jump destination address in the program 
RAM address of the program control port. See the section on Jump commands 
under 4.5 “Commands” for the command format. Figure 4.2 is a flowchart of the 
Jump command execution. 


Jump 
Command 


Any 
Conditions? 


Conditions 
Satisfied ? 


Stores Jump destination address 
in program RAM address of 
program control port 


Executes pre-fetched commands 





Figure 4.2 Jump Command Execution 
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Loop Program Execution 

Execution of programs between the address designated by the top address register 
([TOP]) and the BTM command of the DSP (see Loop Bottom command under 4.5 
“Command” ) are repeated only the number of times indicated by the loop counter. 
Thus, in order to realize this process, it must be executed after setting values in the 
top address register and loop counter. Values can be set by the DSP load immediate 
command (see section on Load Immediate Command under 4.5 “Command”). Ex- 
ecution flow of the Loop program is shown in Figure 4.3. 


Sets the top address 
of the Loop program 
Sets number of Loops 


BTM 
Command ? 


Execute command 


Decrement 
number of Loops 
Stores the Loop program top 
address in the program control port 


Execute Pre-Fetch Commands Execute Pre-Fetch Commands 





Figure 4.3 Loop Program Execution 
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DMA Command Execution 

This sets the DMA controller register from the DSP and explains the actual process 
of DMA transfer. The DMA command is divided into the two types, shown below, 
depending on the transfer direction (read / write). 


1) Data transfer from the D0-Bus to the DSP. 
2) Data transfer from the DSP to the DO-Bus. 


e Data transfer from DO-Bus to DSP 
DSP data RAM transfer begin address and external memory transfer begin 
address are set in registers ([CT0-3] and [RAO]), and transfer is begun by the 
DMA command. The command formats up to the DMA command are shown 
below. See 4.5 “Commands” for more information. 


MOV Simm, [CTO] ; Sets DSP data RAMO transfer begin address 


MVI_ Imm, [RAO] ; Sets external memory transfer begin address 
DMA _ D0,[MD0],SImm __ ; Begins DMA transfer using the DO Bus 


Table 4.6 is a collection of the features of DMA transfer. Because DMA transfer is 
executed by 1 long word units, setting of the transfer word number (SImm of the 
DMA command mentioned above) must be done in long word units. 


Table 4.6 Features of Data Transfer from DO Bus to DSP 





Flag Set TO flag of the program control port is set 


Start and End Follows the data ready signal from outside. Transfer is done by this signal in || 
long word units. DMA transfer is ended by the end signal from outside, and 
the program control port TO flag is reset by this timing. 


Address Update Each time 1 long word is transfered, 1 is added to the DSP data RAM transfe 
address ([CT0-3]), and the external memory transfer address ([RAO]) is added 


according to the address add number. 

Hold Status If the DMA command Hold bit (see item 4.5 "Commands" DMA command 
section) is set to 1, the transfer word number ([TNO]) and external memory 
transfer address ([RAO]) keep the transfer begin values. 


SCU User’s Manual 87 


e Data transfer from DSP to DO-Bus 
The DSP data RAM transfer begin address and external memory begin address 
are set in registers ([CT0-3]) and (WAO]), and transfer is begun by the DMA 
command. The command formats up to the DMA command are shown below. 
See item 4.5 for more information. 


MOV SImm, [CTO] ; Sets DSP data RAMO transfer begin address 
MVI- Imm, [WAO] ; Sets external memory transfer begin address 
DMA _ [MD0],D0,SImm _ ; Begins DMA transfer using the DO Bus 


Table 4.7 is a collection of the features of DMA transfer. Because DMA transfer is 
executed in single long word units, setting of the transfer word number (SImm of 
the DMA command mentioned above) must be done in long word units. 


Table 4.7 Features of Data Transfer from DSP to DO Bus 


Flag Set TO flag of the program control part is set 


Start and End Obeys the data ready signal from outside. Transfer is done by this 
signal in 1 long word units. DMA transfer is ended by the end signa 
from outside, and the program control port TO flag is reset by this 
timing. 


Address Change Each time 1 long word is transfered, 1 is added to the DSP data RA 
transfer address ([CTO-3]), and the external memory transfer address 
([WAO]) is added according to the address add number. 


Hold Status If the DMA command Hold bit (see item 4.5 "Commands" DMA 
command section) is set to 1, the transfer word number ([TNO]) and 
external memory transfer address ([WA0O]) keep the transfer begin 
values. 


END Command Execution 


When the END command is recognized, the program control port program RAM 
address add process is stopped and the program execution control bit (EX flag) is 
reset. Execution of the DSP program is stopped accordingly. But data transfer by 
the DMA command continues ignoring this END command until the transfer is 
completed. The value of the program address when the program termintes stops at 
the address that follows the address stored in END command. 
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4.4 Special Process Execution 


DSP can execute the following special processes. 


1) Loading a Program by the DMA command 
2) Repeating One Command 
3) Execution of subroutine program 


Loading a Program by the DMA command 

Loading from the CPU was explained earlier as one method of loading a program 
(see section 2.3), but a program can be loaded in the DSP program RAM by using the 
DSP DMA command as well. Loading a program is done in the following formats. 


MVI_ Imm, [RAO] ; Sets external memory transfer begin address 
DMA D0, [PRG], SImm ; Sets transfer word number, begins transfer 


MVI_ Imm, [PC],SImm __ ; Sets program execution start address 


Repeating One Command 

The format for repeating 1 command is shown below. The 1 command repeat execu- 
tion command (see LPS command in section 4.5 “Command” under the part on Loop 
Bottom) repeat the following commands. The repeat number executes one time 
more than the set value. 


MVI Imm , [LOP] ; Sets number of repetitions 
LPS ; Repeat execution comand 
Hit ; This command is repeatedly executed 
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Executing a SubRoutine Program 

There are no special commands (mnemonic) in the DSP program for executing 
subroutines. By combining the Load Immediate command to the [PC] with the Loop 
Bottom command, subroutines are created in the form shown in Figure 4.4. 


Subroutine 
Program Program 


MOV $01 , [LOP] Designates C chitd > 


execution 1 time 


Sets subroutine 
MOV Imm, [PC] | program start address 


Program 


Caution: within subroutine 
NOP Executed 2 times 


Jumps after execution 
Program 


BIM 


Execute pre-fetched 
command of next step 


Return to start address 





Figure 4.4 Subroutine Program Execution 


90 





4.5 More About Commands 


Operation Commands 
Operation commands use each X, Y, and D1 bus as well as an arithmetic logic unit 
(ALU). Operation commands can be classified into the following four control types. 


1) ALU control command 
2) X-Bus control command 
3) Y-Bus control command 
4) D1-Bus control command 


The operation command format is as shown in Figure 4.5. 


31 30 29 26 25 20 19 14 13 0 


00 ary conta X-Bus Control | Y-Bus Control D1-Bus Control 


Figure 4.5 Operation Command Format 





Operation commands can execute these four types of commands concurrently. 
Mnemonics should list the ALU control command to the far left. Other required 
commands should be listed and separated by a space or tab. 
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e ALU Control Command 
ALU control commands operate using the ALU. The following pages show more 
about ALU control commands. 
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Operation No ALU command process 
Description 


Instruction Code 
b31 


26 0 
jo} o}o} of of of EEE EEE EERE EEE EEE EEE EE 


7, 
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Operation Takes the AND operation of [ACL] and [PL] logical product. 
Description 


Instruction Code 


b31 


26 0 
}ofofofofot FREE EE EEE EE EEE EE EEE EFEFE 


S ; 1 when operation result is negative, otherwise it is 0. 
Z; 1 when operation result is 0, otherwise it is 0. 
C; is 0. 


Comments 








Operation Takes the OR operation of [ACL] and [PL] logical sum. 
Description 


Instruction Code 


b31 


26 0 
jo} of oto} Jo EEE EE EEE EEE EE EEE EEE 


S ; 1 when operation result is negative, otherwise it is 0. 
Z; 1 when operation result is 0, otherwise it is 0. 
C; is 0. 


Comments 
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Operation 
Description 


Instruction Code 


Comments 


Exclusive OR Operation 


Takes the exclusive OR operation of [ACL] and [PL]. 


b31 


26 0 
}ofofofo}# ft EEE EEE EE EEE EEE EEE EEE EE EEE 


S ; 1 when operation result is negative, otherwise it is 0. 
Z; 1 when operation result is 0, otherwise it is 0. 
C ; this is 0. 








Operation ADDS [ACL] and [PL]. 
Description 


Instruction Code 


b31 


26 0 
jo} ofof+ Joo} FEE EEE EERE EEE EEE EEE EEE 


; 1 when operation result is negative, otherwise it is 0. 

; 1 when operation result is 0, otherwise it is 0. 

; 1 when carry occurs as a result of the operation, otherwise it is 0 

; 1 when there is overflow (exceeds 48 bits)opeation result, 
otherwise it is 0. 


by 
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Operation Subtracts [PL] from [ACL]. 
Description 


Instruction Code 


b31 


26 0 
jo} ofoft Joh FREE EEE EEE EE EEE EEE EEE 


; 1 when operation result is negative, otherwise it is 0. 

; 1 when operation result is 0, otherwise it is 0. 

; 1 when carry occurs as a result of the operation, otherwise it is 0 
; 1 when there is underflow in the opeation result,otherwise it is 0. 


Comments 
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Operation Adds [ACH][ACL] and [PH][PL]. 
Description 


Instruction Code 


b31 


26 0 
Lolofo}t [1 FoF EEE EEE EEE EEE EEE EEE EEE 


; 1 when operation result is negative, otherwise it is 0. 

; 1 when operation result is 0, otherwise it is 0. 

; 1 when carry occurs as a result of the operation, otherwise it is 0 

; 1 when there is overflow (exceeds 48 bits)operation result, 
otherwise it is 0. 


rs Cd 
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Operation Shifts the value of [ACL] right 1 bit, and the value of bit 0 is stored inJC 
Description V0: 


MSB LSB 


=< L_ 


Cc 


Instruction Code 
b31 


26 0 
ola} Jolof of EEE EEE EEE EEE EEE 


S ; 1 when operation result MSB is 1,0 when 0. 

Z; 1 when operation result is 0, otherwise it is 0. 

C ; 1 when the value of b0 of input data is 1, 0 when 0. 

ACL ; Shifts 1 bit to the right, most significant bit (031) does not change 


Comments 





Operation Rotates the [ACL] value right 1 bit. 
Description 


MSB 


(resets! ——____l i 


Instruction Code 
b31 


26 0 
jo} of fofo FREE EE EEE EEE EEE EEE EE EEE 


S ; 1 when operation result MSB is 1,0 when 0. 

Z; 1 when operation result is 0, otherwise it is 0. 

C ; 1 when the value of b0 of input data is 1, 0 when 0. 

ACL ; Shifts 1 bit to the right, least significant bit (00) moves to the mopt 
significant bit (631). 





Comments 
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Operation Shifts the [ACL] value left 1 bit. 
Description 


MSB 


a 
Cc 


Instruction Code 
b31 


26 0 
}o}o}t fo} PoE EEE EEE EEE EEE EEE EE EEE 


S ; 1 when operation result MSB is 1,0 when 0. 
Z; 1 when operation result is 0, otherwise it is 0. 
C; 1 when the value of 631 of input data is 1, 0 when 0. 
ACL ; Shifts 1 bit to the left; least significant bit (b0) is 0. 


Comments 
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Operation Rotates the [ACL] value left 1 bit. 
Description 


MSB 


tests. 


Instruction Code 
b31 


26 0 
Jools fo} ft EEF EEE EEE EEE EEE EE EEE 


S; 1 when operation result MSB is 1,0 when 0. 

Z; 1 when operation result is 0, otherwise it is 0. 

C ; 1 when the value of b31of input data is 1, 0 when 0. 

ACL ; Shifts 1 bit to the left, most significant bit (031) moves to the leapt 
significant bit (b0). 





Comments 
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Operation 
Description 


Instruction Code 


Comments 


Left Rotate 8 Bits 


Rotates the [ACL] value left 8 bits. 


MSB LSB 


<psipopsy So 
il a, 


b31 


26 0 
loo GA EERE EEE EA iE EEA 


S ; 1 when operation result MSB is 1,0 when 0. 

Z; 1 when operation result is 0, other wise 0. 

C ; 1 when the value of b24of input data is 1, 0 when 0. 
ACL ; Rotates 8bits to the left. 








e X-Bus Control Commands 
X-Bus control commands transfer data using the X-Bus to the RX register 


and PH, PL registers. The following pages show more about X-Bus control 
commands. 
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Operation No X-Bus control process 
Description 


Instruction Code 


b31 


25 23 0 
10} o|-|-}-}-[o]ofol--E EEE EEEEEEEEEF EEE 


ae 
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MOV [s],X Transfer (Memory —>[RX]) 


Operation Data is transfered to [RX] from the data RAM address displayed by 


Description [CTx(x=0~3)]. 


[RX] 
32bit gL 


MOV [Source RAM],X 
Source RAM = MO ~ M3 *,MCO ~ MC3 * 


Instruction Code 


Process Selections 
bit ap 
}o | o| DATARAMo— [RX] 


Po | 0] fi DaTARAMI—> (RX 
Po [| 1| PoaTARAWo—> IX 
Po | i] ff DATARAM3—> [RX] 
[0] pata Ramo—> [RX] oTOrs 
[0] fi DATA RAMI» [FX] CTI 


11 {= 1] DATA RAM2—* [RX] ,CT2++ 
r 4 [4] ft DATA RAM3— [RX] ,CT3++ 


* RX ; becomes data selected by multiple choice. 
CTx(x=0 ~ 3) ; incremented as long as b22 = 1. No change when ba 
0. 


Comments * [Mx(x=0 ~ 3)] designates DATA RAMx(x=0~3). 
[MCx(x=0 ~ 3)] designates DATA RAMx(x=0~3) and after transfer, 
increments [CTx(x=0~3). 
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MOV MUL,P Transfer (MULTIPLIER ->[Pn]) 


Operation The high order 16 bit of the MULTIPLIER data 48 bit is transfered to 
Description [PH], and the low order 32 bit is transferred to [PL] 


MULTIPLIER 


ee ee ee 
¥v v 


MOV MUL,P 


Instruction Code 


b31 


25 20 0 
lolol EF To} fo EE EEE EEE EE EEE EEE EEE 


PH ; becomes MULTIPLIER high order 16 bit data 
PL ; becomes the MULTIPLIER low order 32 bit data 


Comments 








MOV [s],P Transfer (Memory ->[PL]) 


Operation Data is transfered to [PL] from the data RAM address displayed by 


[CTx(x=0~3)]. The value of [PH] is changed by the [PL] sign 


Description extension. 


[PL] 
32bit —> A& 2-1 


MOV [Source RAM],P 
Source RAM = MO ~ M3,MCO ~ MC3 * 


Instruction Code 


__Bit Data Process Selections 


r) 


2 


PL ; becomes data selected by multiple choice. 
PH ; changed by [PL] sign extension. 
CTx(x=0~3) ; incremented when b22 = 1. No change when b22 = 0. 


Comments * [Mx(x=0 ~ 3)] designates DATA RAMx(x=0~3). 
[MCx(x=0 ~ 3)] designates DATA RAMx(x=0~3) and after transfer 
increments [CTx(x=0~3). 
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e Y-Bus Control Commands 
Y-Bus control commands transfer data using the Y-Bus to the RY register 
and ACH, ACL registers. The following pages shows more about Y-Bus 
control commands. 
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Operation No Y-Bus control process 
Description 


Instruction Code 
b31 


19 yr 0 
lolol EEE Tolof oF EEE EEE EEE 


lo 
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MOV [s],Y Transfer (Memory —>[RY]) 


Operation Data is transfered to [RY] from the data RAM address displayed by 
ti [CTx(x=0~3)]. 
Description 


[RY] 
32bit—_>[___@ 


MOV [Source RAM],Y 
Source RAM = MO ~ M3,MCO ~ MC3 * 


Instruction Code 


|b DATA RAMO—> [RY] 
| ft DATA RAMt—> [RY ] 
= 


[b= e200 
Pi [_0[ [bata RAMO—> IRV, CTI 


| 1 | 1] DATA RAMO—* [RY] ,CT2++ 
r+ [14] ft DATA RAMO—* [RY] ,CT3++ 


0 DATA RAM2—> [RY] 
1 DATA RAM3—> [RY] 
0 DATA RAMO—* [RY] ,CT0++ 


RY ; becomes data selected by multiple choice. 
CTx(x=0~3) ; incremented when b16 = 1. No change when b16 = 0. 


Comments * [Mx(x=0 ~ 3)] designates DATA RAMx(x=0~3). 
[MCx(x=0 ~ 3)] designates DATA RAMx(x=0~3) and after transfer 
increments [CTx(x=0~3). 
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Operation 0 clears the [ACH] and [ACL] values. 
Description 


Instruction Code 


b31 


19 14 0 
lof Toff} FEE EEE EE 


ACH ; becomes 0 
ACL ; becomes 0 


Comments 
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Operation Transfers the value of the [ALU] high order 16 bit to [ACH] and the 
Description value of the [ALU] low order 32 bit to [ACL]. 


ALU 


¥ ¥ 


MOV ALU,A 


Instruction Code 


b31 


19 14 0 
Joo EEE Eo} fo EERE EEE EEE 


ACH ; becomes ALU high order 16 bit data 
ACL ; becomes ALU low order 32 bit data 


Comments 





[7 <S) 
i ak 


SCU User’s Manual 


MOV [s],A Transfer (Memory —[ACL]) 





Operation Data is transfered to [ACL] from the data RAM address displayed by 
Description meee The value of [ACH] is changed by the sign extension qf 


[ACL] 
32bit —»> LL __ 7] 


MOV [Source RAM],A 
Source RAM = MO ~ M3,MCO ~ MC3 * 


Instruction Code 


Bit D 


pet) 
fat 
» 


: Process Selections 


DATA RAM3—— [ACL] ,CT3++ 


> 
o 
> 
D 
> 
| 
> 
o) 
io 
fe) 
o 
ine) 
+ 
+ 


Era a 
arse OF = 5) 
a a 
a a 
a a 
ee er ae 
ee a 
Lae ae 


ACL ; becomes data selected by multiple choice. 
ACH ; is changed by the sign extension of [ACL] 
CTx(x=0~3) ; incremented when b16 = 1. No change when b16 = 0. 


Comments * [Mx(x=0 ~ 3)] designates DATA RAMx(x=0~3). 
[MCx(x=0 ~ 3)] designates DATA RAMx(x=0~3) and after transfer 
increments [CTx(x=0~3). 
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e D1-Bus Control Commands 
D1-Bus control commands control the exchange of data between memory 
connected to the D1-Bus. The following pages shows more about D1-Bus 
control commands. 
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Operation No D1-Bus control process 
Description 


Instruction Code 
b31 


13 0 
Joo EERE EEE EEE EEE Olof EE EEE EEE EEE 


> 
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MOV Simm,[d] Transfer (Simm _ —>[destination]) 


Operation Slmm data is transfered to the RAM or register designated by 
Description 


[destination]. Slmm data is signed 8 bit data. 


[destination] 
Short Immediate Data ——» 
D31-7< b7 
D6-0 < b6-0 





MOV Slmm,[Destination] 
Destination = MCO ~ MC3 *,RX,PL,RAO,WAO,LOP,TOP,CTO ~ CTB 


Instruction Code 


aes 
bait [bitto [bit [bea 


Po | o | o | o | DATARAWO CTOn 
Fo [0 [0 | 1 | DATARAM CTIvs 
Po [0 [1 | 0 | DATARAM2 CT 
po [| Of] 1 ft | DATARAMS .CT3++_| 
Pofifofolm 
Popa fofi | py 
Po f+ fs fo | Rag 
Pots f+ [7 | way 
Pt fo fo fo [unused 
Pao fe pt [unused 
Oo 
aioe set (TORe—  — 4 
Os 
hs i. iC 
pe 


Area selected by [d] selection ; becomes Imm data 
Comments * [MCx(x=0 ~ 3)] designates DATA RAMx(x=0~3) and, after transfer, 
increments [CTx(x=0~3). 





MOV [s],[d] Transfer ([source}>[destination]) 


Operation RAM data or register data designated by [source] is transfered to the 


Description RAM or register designated by [destination]. 


MOV [Source], [Destination] 
Source = MO ~ M3 *,MCO ~ MC? *,ALH,ALL 
Destination = MCO ~ MC3,RX,PL,RA0,WAO,LOP,TOP,CTO ~ CT3 


Instruction Code 


[s] Selections 
it O 


mae 
elections 
eS as 


fo | o | o | 1 | DATARAMI,CTI++ 
po fT 8 ft 8 [DATA RAM2,CT2++ 
Po [oft | +] pataRams.ct3++ | 
fotifolo[pmy | 
om tfotil ry | 
pot tti | ol[ pray 

pitt | wag 


| o | o | of unused 
Ea a 
<= 








| unused 
LOM? | uoused 

dl 2 
ptt ror 
Tepe [oer 
Soler orate —=4 
papa tt fod ery 


Area selected by [d] selection is data of an area selected by [s] selectip 


Comments * [Mx(x=0 ~ 3)] designates DATA RAM x(x=0~3) 
[MCx(x=0 ~ 3)] designates DATA RAM x(x=0~3) and, after transfer, 








increments [CTx(x=0~3). 
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Load Immediate Command 

The load immediate command transfers immediate data to the storage destination. 
Unconditional transfer follows the format in Figure 4.6. Conditional transfer follows 
the format in Figure 4.7. Details are on the following pages. 


31 30 29 26 25 24 0 


}1]0 Baa | Immediate data 


Figure 4.6 Load Immediate Command Format 1 (Unconditional Transfer) 





31 30 29 26 25 24 19 18 0 


Storage : 


Figure 4.7 Load Immediate Command Format 2 (Conditional Transfer) 
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MVI Imm, [d] 


Operation 
Description 


Instruction Code 


Area selected by [d] multiple choice ; becomes Imm data 


* [MCx(x=0 ~ 3)] designates DATA RAM x(x=0~3) and, after transfer, 


Comments 
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Unconditional Transfer (Imm -—>[destination)]) 


Imm data is unconditional and is transfered to the RAM or register 


designated by [destination]. 
Imm data is signed 25 bit data. 


MVI 


Destination = MCO ~ MC3 *,RX,PL,RA0,WA0,LOP,PC 


Imm,[Destination] 


Imm Data 


ee 


Fo | o | 0 | 0 | DaTARAMO Cron | 
Fo [0 [0 | 1 | DATARAMI CTi++ | 
Po [0 [+ [0 | DATARAM2 CTar+ | 
Popo TT bara Ras CTE 

Tey 


Pt fo fo [oP unused 
Peet [unused 
a 
a 
Soe Po 5 ror 
Paro Fnused 
Pao Punused 
Pa 7 Punused 


increments [CTx(x=0~3). 
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MVI Imm, [d]Z Conditional Transfer (Z=1 thenImm = —[destination]) 


Operation When the Z flag is 1, Imm data is transfered to the RAM or register 
Description designated by [oes tMallon: Imm data issigiies 19 bit Gala. 
Can be used as execution of the subroutine program (see instructio 
code**) by sending Imm data (subtroutine begin dress) to the PC an@ 
saving the PC (jump address after subroutine ends) value to TOP. 
aware that the address next after this command will be executed twi 
once before the subroutine and once after. 


MVI Imm,[Destination],Z 
Destination RAM = MCO ~ MC3 *,RX,PL,RAO,WA0,LOP,PC 


Instruction Code 


Imm Data 


id) Selections 


| 0 | 0 | DATARAMO CTO++ | 
po | oO fo | 1 | DATARAMI (CTi++ | 


Po fo [1 | 0 | DATARAM CT 
po {0 | 1 | 7_|_DATABAMS CTS 


Poor] 

PT [unused 
Poo [Pc] > Tory IPC 

Pot [unused 

eg or oer = —— 
ey ase ——— 


Area selected by [d] selection ; becomes Imm data 
Comments * [MCx(x=0 ~ 3)] designates DATA RAM x(x=0~3) and, after transfer, 
increments [CTx(x=0~3). 








MVI =Imm,[d]NZ 


Operation When the Z flag is 0, Imm data is transfered to the RAM or register 


Description 


designated by [destination]. 


Conditional Transfer (Z=0 then Imm —[destination]) 


Imm data is signed 19 bit data. 
Can be used as execution of the subroutine program (see instructio 


code**) by sending Imm data (subtroutine begin dress) to the PC and 





saving the PC (jump address after subroutine ends) value to TOP. 
aware that the address next after this command will be executed twige 


once before the subroutine and once after. 


MVI Imm,[Destination],NZ 


Destination = MCO ~ MC3 *,RX,PL,RAO,WA0,LOP,PC 


Instruction Code 


Imm Data 


| 
Po | o | 0 | 0 | DATARAMO Cron | 
ro [0 | 0 | 1 | DATARAM CTI | 
Po fo] 1 [0 | DATARAM2 .CTa++ | 
0-071 para rans CT] 
rw fo fol | 
Paya fo [rag 
yo, 
po 
mua 
ro 


4 


1 


| 0 | 
20] 
Ea 


ee Cele 
PT [tet [unused 
Patt fo [unused id 


Area selected by [d] selection ; becomes Imm data 


Comments * [MCx(x=0 ~ 3)] designates DATA RAM x(x=0~3) and, after transfer 
increments [CTx(x=0~3). 
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MVI Imm,[d]S Conditional Transfer (S=1 thenImm ——[destination]) 


Operation When the S flag is 1, Imm data is transfered to the RAM or register 
Description designated by lgestnaton|: Imm data iB signed 19 bit Gale 
Can be used asexecution of the subroutine program (see instruction 
code**) by sending Imm data (subtroutine begin dress) to the PC an@ 
saving the PC (jump address after subroutine ends) value to TOP. 
address next after this command will be executed twice, once before 
the subroutine and once after. 


MVI Imm,[Destination],S 
Destination = MCO ~ MC3 *,RX,PL,RAO,WA0,LOP,PC 


Instruction Code 


Imm Data 


id} Selections 


Fo | 0 | pATARAMO .cTor | 
Po fo | 0 | 1 | DATARAM! CTis+_ 
Po fo] 1 [0 | DATARAM2 CT2++_ 
A 


Pott t {of unused 
iene ——4 


Area selected by [d] selection ; becomes Imm data 
Comments * [MCx(x=0 ~ 3)] designates DATA RAM x(x=0~3) and, after transfer, 
increments [CTx(x=0~3). 
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MVI Imm,[d]NS Conditional Transfer (S=0 then Imm _—-[destination]) 


Operation When the §S flag is 0, Imm data is transfered to the RAM or register 


designated by [destination]. Imm data is signed 19 bit data. 


Can be used asexecution of the subroutine program (see instruction 
code**) by sending Imm data (subtroutine begin dress) to the PC and 
saving the PC (jump address after subroutine ends) value to TOP. Be 
aware that the address next after this command will be executed twige 
once before the subroutine and once after. 


Description 





MVI Imm,[Destination],NS 
Destination = MCO ~ MC3 *,RX,PL,RA0,WA0,LOP,PC 


Instruction Code 


Imm Data 


Id] Selections 


| 0 | 0 | DATARAMO CTO++_| 
po | oO | o | 4 | DATARAMI CTi++ | 
pO | Of | 0 | DATARAM2 .CT2++ | 
| Oo | Oo | 1 | 7 | DATARAMS CT3++ | 


| mito fol Ry 


[PC] —» [TOP] ,[PO 


TP tt [0 [unused 


Area selected by [d] selection ; becomes Imm data 
Comments * [MCx(x=0 ~ 3)] designates DATA RAM x(x=0~3) and, after transfer, 
increments [CTx(x=0~3). 
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MVI Imm,[d]C Conditional Transfer (C=1 thenImm _—-[destination]) 


Operation When the C flag is 1, Imm data is transfered to the RAM or register 
Description designated by [destination]. Imm data is signed 19 bit data. 


Can be used asexecution of the subroutine program (see instruction 
code**) by sending Imm data (subtroutine begin dress) to the PC and 
saving the PC (jump address after subroutine ends) value to TOP. 
aware that the address next after this command will be executed twi 
once before the subroutine and once after. 


MVI Imm,[Destination],C 
Destination = MCO ~ MC3 *,RX,PL,RAO,WA0,LOP,PC 


Instruction Code 


Tobi bxPfalsfofofsfofol | TT TT TITEL ITE tit Ld 


Imm Data 


Id] Selections 


| 0 | 0 | DATARAMO ,CTO++ | 
po | of oO | 1 | DATARAMI (CTi++ | 


Po [ot | 0 | DATARAM CT 
po | 0 | tL DATA RAMS C13 


ee 

A? | 
Spo or 

Pt, ort|t[unsed | 
fe ae ee [PC] -» [TOP] [PC 
Pt | to [tt {unused 
imi | Tf unused 


Area selected by [d] selection ; becomes Imm data 
Comments * [MCx(x=0 ~ 3)] designates DATA RAM x(x=0~3) and, after transfer, 
increments [CTx(x=0~3). 
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MVI Imm,[d]NC Conditional Transfer (C=0 then Imm _—-[destination]) 


Operation When the C flag is 0, Imm data is transfered to the RAM or register 


designated by [destination]. Imm data is signed 19 bit data. 


Can be used asexecution of the subroutine program (see instruction 
code**) by sending Imm data (subtroutine begin dress) to the PC and 
saving the PC (jump address after subroutine ends) value to TOP. Be 
aware that the address next after this command will be executed twige 
once before the subroutine and once after. 


Description 





MVI Imm,[Destination], NC 
Destination = MCO ~ MC3 *,RX,PL,RA0,WA0,LOP,PC 


Instruction Code 


fob bePLatsfofoftfofol | TT TT TIT ITI TIT Ld 


Imm Data 


fo | o | o | 0 | DATARAMO .CTO++ 
Po [| of oO [1 | DATARAMI CTi++ | 


Po [o [1 [0 | DATA RAMA CT2++ 
Ho} 0 | tT} DATA BAMS OTS 


| o | t | unused 
ene ——J 
Sane a $4 


Area selected by [d] selection ; becomes Imm data 
Comments * [IMCx(x=0 ~ 3)] designates DATA RAM x(x=0~3) and, after transfer, 
increments [CTx(x=0~3). 
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MVI Imm,[d],T0 Conditional Transfer (TO=1 thenImm — —>[destination]) 


Operation When the TO flag is 1, Imm data is transfered to the RAM or register 


designated by [destination]. Imm data is signed 19 bit data. 


Can be used asexecution of the subroutine program (see instruction 
code**) by sending Imm data (subtroutine begin dress) to the PC and 
saving the PC (jump address after subroutine ends) value to TOP. Ee 
aware that the address next after this command will be executed twige 
once before the subroutine and once after. 


Description 





MVI Imm,[Destination], TO 
Destination = MCO ~ MC3 *,RX,PL,RA0,WA0,LOP,PC 


Instruction Code 


tolxxfxP[afsfolsfofofof | TT TTT ITIL ITI LIT 


Imm Data 


id} Selaclons 


To | 0 | DATARAMO CTor | 
Fo [0 [0 | + | DATARAMI CTi++ | 
Po [0 ft [0 | DATARAM2_CTer+ | 
po fo TP para nave Crass 


Conse 

oot [unused 
Spo er 

af anuseg 
Popo} roy 5 ror 
Pt to [7 Pnsed 
ao unused 


Area selected by [d] selection ; becomes Imm data 
Comments * [MCx(x=0 ~ 3)] designates DATA RAM x(x=0~3) and, after transfer, 
increments [CTx(x=0~3). 





MVI Imm,[d]NTO 


Operation 


Description 


Instruction Code 


Area selected by [d] selection ; becomes Imm data 


* [MCx(x=0 ~ 3)] designates DATA RAM x(x=0~3) and, after transfer, 
increments [CTx(x=0~3). 


Comments 
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designated by [destination]. 


Conditional Transfer (TO=0 then Imm —[destination]) 


When the TO flag is 0, Imm data is transfered to the RAM or register 
Imm data is signed 19 bit data. 


Can be used asexecution of the subroutine program (see instruction 
code**) by sending Imm data (subtroutine begin dress) to the PC an@ 
saving the PC (jump address after subroutine ends) value to TOP. 
aware that the address next after this command will be executed twige 
once before the subroutine and once after. 





MVI Imm,[Destination], NTO 
Destination = MCO ~ MC3 *,RX,PL,RA0,WA0,LOP,PC 


Imm Data 


id} Selections 


(Soul coe | ton aeanooTee 
Po [0] 0 | 1 | DATARAM! Crier | 
Po [0 [ 1 | 0 | DATARAM2 Cae 
pot Of tft | DATARAMS CTS 


ANA 


y° | 

ans) 
nm 
Oa: Or) IPCs. | TLOPLAPG 

TES SL a 

Pat ttt |e | unused 


ra 
ope po 
oft unused ‘| 
pees 
ae 
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MVI Imm,[dJZS Conditional Transfer (Z=1 or S=1 then Imm 
[destination]) 


Operation When the Z flag or S flag is 1, Imm data is transfered to the RAM or 


register designated by [destination]. Imm data is signed 19 bit data. 


Can be used asexecution of the subroutine program (see instruction 
code**) by sending Imm data (subtroutine begin dress) to the PC an¢ 
saving the PC (jump address after subroutine ends) value to TOP. Be 
aware that the address next after this command will be executed twide 
once before the subroutine and once after. 


Description 





MVI Imm,[Destination],ZS 
Destination = MCO ~ MC3 *,RX,PL,RAO,WA0,LOP,PC 


Instruction Code 


Imm Data 


| 

[d] Selections 

| o | o | o | 0 | DATARAMO .CTO++ | 
po | of Oo | 4 | DATARAMI CTi++ | 
Po | 0 [ 7? [0 | DATARAMA .CT2++ | 
pot Of tf TL DATARAMS CTSHy 


| 0 {unused i 

Po | Oo ft] unused 

BR. “REE 
Pt [i [unused 

pes OPIS [PC] 5 [TOP] [PG 

| Oo | 1 | unused 

reed 

ee rs a ape eee == 


Area selected by [d] selection ; becomes Imm data 
Comments * [MCx(x=0 ~ 3)] designates DATA RAM x(x=0~3) and, after transfer, 
increments [CTx(x=0~3). 





MVI Imm,[d]NZS 








Operation 
Description 


Instruction Code 


Conditional Transfer (Z=0=S then Imm — [destination]) 


When the Z flag or S flag are both 0, Imm data is transfered to the F 
or register designated by [destination]. Imm data is signed 19 bit da 


Can be used as execution of the subroutine program (see instructio 


aware that the address next after this command will be executed twia 
once before the subroutine and once after. 


MVI Imm,[Destination],NZS 
Destination = MCO ~ MC3 *,RX,PL,RAO,WA0,LOP,PC 


Imm Data 


jah Selections 


| 0 | o | 0 | DATARAMO .CTO+4+ | 
po | oO | of 4 | DATARAMI CTi++ | 
po | of 7 | 0 | DATARAM2 CT2++ | 
| of Of 7 | 1 | DATARAMS CT3++ | 


[RAO] 


PiRAg 


Pio [| Pcl» {ror} Po 
Piao yt [unused | 
Patt fo [unused SS 


| Oo | 
| 
| 0 | 


Area selected by [d] selection ; becomes Imm data 


Comments 
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* [MCx(x=0 ~ 3)] designates DATA RAM x(x=0~3) and, after transfer, 
increments [CTx(x=0~3). 
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DMA Command 

DMA commands transfer data of an external and DSP internal RAM through an 
external bus. There are two methods, one of which is setting the transfer word 
number directly by Imm data, and the other is setting the internal RAM transfer 
word number by designating the number of the internal data RAM. The first 
method is shown in Figure 4.8 and the second method is shown in Figure 4.9. 
Details of the command are shown on the pages that follow. 


31 30 29 28 27 18 17 1514131211108 7 


4190 O71 a [Hob] Bam | Immediate 


Figure 4.8 DMA Command Format 1 





180 29 28,280 1817 1514131211108 7 


Add 
fo ]o EEL Be TT fos FEES 


Figure 4.9 DMA Command Format 2 
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DMA DO0,[RAM],SImm 


Operation 
Description 


Instruction Code 


Comments 
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DO[31-0] data is transfered to RAM . The external address register 
and transfer word number register are updated (added) according to 
the address add number. The transfer word number register is a 
register for storing the transfer word number in long word units. This 
word number is either 0 or transfer ends when forced to end. 


DMA D0,[Destination],Counter 


Destination = MO ~ M3 * 


, BitData | Select 
Add Mode Selections bid Selections 


DATA RAM 0 


fo [o | o | Addressaddo | | | 0 | 
fo [fo [1 | Addressadd 1 | | © | 1 | DATARAM1 | 


[0_[ DATA RAM 2, 


pO ft | 0 | Address Add 2 | 


Pot [7] Adaress Acc 4 — 
Pi [0 [0 | Adaress Add @ 
Po [1 | Address Add 16 
P(t [0 [Adress Adc 32 


TO ; becomes 1. 


* [MCx(x=0 ~ 3)] selects DATA RAM x(x=0~3). 
*“When the END signal informing you that transfer end from outside 
has been entered, T0; becomes 0. 


Designating address-add adds an add number after the command and 
becomes DMA0~DMA64. 


Add number isi when address add number designation is omitted. 


The transfer source address is set in advance to RAO and the transfer 
destination RAM address is set in advance to CTx. 





DMA Transfer (DO[31-0] | — RAM) 
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DMA [RAM],D0,SImm DMA Transfer (RAM > DO[31-0]) 


Operation 
Description 


Instruction Code 


Comments 


RAM data is transfered to DO[31-0]. The external address register and 
transfer word number register are updated (added) according to the 
address add number. Only add numbers 0 and 1 are valid for the A 
Bus and the write unit is 32bit. All add numbers (0 - 64) are valid for 
the B-Bus. Write unit is16bit; 32bit data is divided in half and written at 
intervals of16X (0-64). The transfer word number register is a register 
for storing the transfer word number in long word units. This word 
number is either 0 or transfer ends when forced to end. 


DMA [Source],D0,Counter 


Source = Mo ~ M3 * 


[i= SBIR ata. 114 ensue eianone Selections 


Po [0 | adaessacao | |_0 | 0 [DATARAMO| 
Fo [0 [1 | Address aca 1 | [9 | 1 [DATARAMT| 
ro [1 [0 | Address Aad 2 | [1 | 0 [DATARAME| 
Po 1-7 | “Aaaress Aad 4 | 
Pa [0 [0 [Address Add 6 | 
P10 [1 Address Add 16_| 
P10 [Address Add 32 | 


TO ; becomes 1. 


* [MCx(x=0 ~ 3)] selects DATA RAM x(x=0~3). 


*“When the END signal informing you that transfer end from outside 
has been entered, T0; becomes 0. 


Designating address-add adds an add number after the command and 
becomes DMA0~DMA64. 


Add number is 1 when address add number designation is omitted. 


The transfer source RAM address is set in advance to CTx and the 
transfer destination address is set in advance to WAO. 











DMA DO,[RAM],[s] DMA Transfer (D0[31-0] — RAM ) 


Operation [s] data designated by bit0~2 is treated as a transfer counter, and orjly 

Description numbers displayed transfer DO[31-0] data to the RAM. External 
address register and transfer word number register are updated 
(added) according to the address add number. The transfer word 
number register stores transfer word numbers in long word units. Thig 
word number becomes 0 or transfer ends when forced to end. 


DMA D0O,[Destination],[Counter] 


Counter = MO ~ M3 *,MCO~MC3* 
Destination = MO~M3 *,PRG * 


Instruction Valid only for A-Bus 
Code Address add is 32bit units. 


Add Mode Selections 
Address Add 0 
Address Add 1 


Bit Data j 
biti] bitt [s] Selections 
DATA RAM 0 


DATA RAM 0 
DATA RAM 1 


bit 2 

| o [o | 

po fo 
pO at | 
ee Ee 
procraMraM | [1_| 0_| 

Pt [0 [1 _[ DATA RAM T,CTTa| 
Pa [4_[0_[ DATA RAM2,cT2+| 


Flag TO ; becomes 1. ** 
CTx(x0~3) ; incremented when b2=1. When b2=0, there is no change 


Comments * [MCx(x=0 ~ 3)] selects DATA RAM x(x=0~3). MCx(x=0~3) selects 
DATA RAM x(x=0~3), and after transfer increments CTx(x0~3). 
PRG selects program RAM. 
*“When the END signal informing you that transfer end from outside 

has been entered, TO; becomes 0. 

Designating address-add adds an add number after the command a 
becomes DMA0O~DMA1. 
Add number is 1 when address add number designation is omitted. 
The transfer source address is set in advance to RAO and the transfqar 
destination RAM address is set in advance to CTx. 
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DMA [RAM],D0.,[s] DMA Transfer (RAM > DO[31-0] ) 
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Operation 
Description 


Instruction 
Code 


[s] data designated by bit0~2 is treated as a transfer counter, and onl 
numbers displayed transfer RAM data to DO[31-0] data. External 
address register and transfer word number register are updated 
(added) according to the address add number. The transfer word 
number register stores transfer word numbers in long word units. But 
only add numbers 0 and 1 are valid for A-Bus, and write units are 32 
bits. For B-Bus, all add numbers (0-64) are valid. Write units are 16 
32 bit data is divided in half and written at intervals of 16bitX (0-64). 
transfer word number register stores transfer words in long word units. 
This word number becomes 0 or transfer ends when forced to end. 


DMA D0O,[Destination],{(Counter] 
Counter = MO ~ M3 *,MCO~MC3* 
Source = MO~M83 *,PR* 


Add Mode Selections} [s] Selections 


Po [o | 0 | Addessadao | {0 | o | 0 [DATARAMO | 
Po [0 | 1 | Address add 1 | [0 [0 | 1 [DATARAMT | 
Po [1 [0 | Address add 2 | [0 [1 | 0 [DATARAM? | 
0-77 Adcress aa 4] [TO DaTA Ras J 
Pi [0 [0 [Address Add 6 | [1-0 | 0 [DATA RAM 0CTO=4| 
Pr _[0 [1 [Address Add 16] [1 0 _|1_[DATA RAM 4CTT++ 
P(t [0 [Adress ad's2] [1 [1 _[ 0 [DATA RAM aCT2 +44 


bits RAM Selections 


Flag TO ; becomes 1. ** 
CTx(x=0~3) ; incremented when b2=1. No changes when b2=0. 


Comments 





* [MCx(x=0 ~ 3)] selects DATA RAM x(x=0~3). MCx(x=0~3) selects 

DATA RAM x(x=0~3), and after transfer increments CTx(x0~3). 

*“When the END signal informing you that transfer end from outside 
has been entered, TO; becomes 0. 


Designating address-add adds an add number after the command a 
becomes DMA0~DMA64. 


Add number is 1 when address add number designation is omitted. 


The transfer source RAM address is set in advance to CTx and the 
transfer destination address is set in advance to WAO. 





DMAH DO,[RAM],SImm DMA Transfer (D0[31-0] | — RAM) by HOLD Status 


Operation DO[31-0] data is transfered to the RAM. External address register ard 
Description transfer word number register save the value at the time transfer 
begins. The transfer word number register stores the transfer word 
number in long word units. This word number becomes 0 or become 
the transfer end when forced to end. 


DMAH DO,[Destination],[Counter] 


Destination = MO~M83 *,PR* 


Instruction Code 


Add Mode Selections RAM Selections 
0 | Address Add 0 bit 10 
Address Add 1 |} o | o | 0 [DATARAMO 


Valid only for A-Bus po [o | 4 [DATARAM: 


Address add is 32 bit unit. [| © | 1 | 0 | DATARAM2 | 
| oO [1 | 1 | DATARAM3_| 
| 1 | 0 | 0 [PROGRAM RAM | 


TO ; becomes 1.** 


Comments * [MCx(x=0 ~ 3)] selects DATA RAM x(x=0~3). 
PR selects PROGRAM RAM 


*“When the END signal informing you that transfer end from outside 
has been entered, T0; becomes 0. 


Designating address-add adds an add number after the command a 
becomes DMAHO~DMAH1. 


Add number is 1 when address add number designation is omitted. 


The transfer source address is set in advance to RAO and the transfqar 
destination RAM address is set in advance to CTx. 
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DMAH [RAM}],D0,Simm DMA Transfer (RAM -> DO[31-0]) by HOLD Status 


Operation 
Description 


Instruction Code 


Comments 


RAM data is transfered to DO[31-0]. The external address register and 
transfer word number register save the value when transfer starts. 

The transfer word number register is a register for storing the transfer 
word number in long word units. This word number is either 0 or 
transfer ends when forced to end. 


DMA H [Source],D0,Counter 


Source = Mo ~ M3 * 


Bit Data . i , 
Add Mode Selections : - Selections 
bitt7| bit16] bitté bit] bits 


| 0 | Address Add 0 zai 
Address Add 1 | 0 | 
| 0 | Address Add 2 
| 0 | Address Add 8 | 
| 0 | Address Add 32__| 


Lo | 
Lo | 
Oe 
| oO | 


| 0 | 
Ea 
EC 
a 


TO ; becomes 1.** 


* [MCx(x=0 ~ 3)] selects DATA RAM x(x=0~3). 


*“When the END signal informing you that transfer end fromoutside 
has been entered, T0; becomes 0. 


Designating address-add adds an add number after the command and 
becomes DMAHO~DMAH64. 


Add number is 1 when address add number designation is omitted. 


The transfer source RAM address is set in advance to CTx and the 
transfer destination address is set in advance to WAO. 








DMAH DO,[RAM],[s] DMA Transfer (D0[31-0] | — RAM ) by HOLD Status 


Operation [s] data designated by bitO~2 is treated as transfer counter, and only 
Description numbers displayed transfer RAM data to D0(31-0) data. External 
address register and transfer word number register save the value, 
when starting transfer, to the address add number. The transfer worg 
number register stores transfer word numbers in long word units. Thif 
word number becomes 0 or transfer ends when forced to end. 






DMA H DO,[Destination],[Counter] 


Counter = MO ~ M3 *,MCO~MC3* 
Destination = MO~M3 *,PR* 


Instruction Valid only for A-Bus 
Code Address add is 32bit units. 


Add Mode Selections 
| 0 | Address Add 0 
Address Add 1 


RAM Selections 

| 0 | 0 | o |DATARAMO | DATA RAM 0 

| o | @& foaTARAM: || 0 _| i ae 

| 20 [aR DATA BRAM 2 1) 0] | OS DATA RAM 2 _ 

| Of i | i [DATARAMS |/ 0 | 71 [| 1 |DATARAM3 | 

[1 [0 [70 [Procramram| [+ [0 [0 [DATA RAMO,CTO+s| 
Pt [0 | 1 | DATARAM1,CTt+| 
Pt | 1 _|_0_| DATA RAM 2,CT2++ 


Flag TO ; becomes 1. ** 
CTx(x0~3) ; incremented when b2=1. When b2=0, there is no change 


Comments * [MCx(x=0 ~ 3)] selects DATA RAM x(x=0~3). MCx(x=0~3) selects 
DATA RAM x(x=0~3), and after transfer increments CTx(x0~3). 


*“When the END signal informing you that transfer end from outside 
has been entered, TO; becomes 0. 


Designating address-add adds an add number after the command a 
becomes DMAHO~DMAH1. 


Add number is 1 when address add number designation is omitted. 


The transfer source address is set in advance to RAO and the transfqar 
destination RAM address is set in advance to CTx. 
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DMA [RAMN],D0,[s] DMA Transfer (RAM - DO0[31-0] ) by HOLD Status 


Operation [s] data designated by bit0~2 is treated as transfer counter, and only 
Description numbers displayed transfer RAM data to DO[31-0] data. External 
address register and transfer word number register save the value 
when starting transfer. The transfer word number register stores 
transfer words in long word units. This word number becomes 0 or 
transfer ends when forced to end. 


DMAH [Source],DO,[Counter] 


Counter = MO ~ M3 *,MCO~MC3* 
Source = MO~M3 *,PR* 


Instruction 


Code fad Mods 
bit16| bit1£| Selections bit1 
ro Lo [0 |Addessacao|[-0 [0 | 0 [DaaRAMo 
Poo [1 | Address Add 1] [0 | 0 ft [Data RAMI 
Po [1 [0 | Address Add 2 |[-0_| 1 _| 0 [DataRAV | 
rot [1 | Address Add 4||0_[ 1 [1 [DataRAMS | 
Adaress Add 8 ||~+ [| 0 [Data RAM 0 CTOs] 
| i | o | 1 |[AddressAdd 16} ] 4 | 0 | 1 [Data RAM 1.CT1+4] 
Pa [0_| Address Add's2|{1 [1 | 0 [Data RAME.CT2 


bit8 
To | 0 [DATARAMO_| 
[0 [1 [DATA RAM 1 _| 
[1 [0 [pata RAM 2 _| 


TO ; becomes 1. ** 

CTx(x=0~3) ; incremented when b2=1. No changes when b2=0. 
Comments * [MCx(x=0 ~ 3)] selects DATA RAM x(x=0~3). MCx(x=0~3) selects 

DATA RAM x(x=0~3), and after transfer increments CTx(x0~3). 


*“When the END signal informing you that transfer end from outside 
has been entered, T0; becomes 0. 


Designating address-add adds an add number after the command and 
becomes DMAHO~DMAH64. 


Add number is 1 when address add number designation is omitted. 


The transfer source RAM address is set in advance to CTx and the 
transfer destination address is set in advance to WAO. 





JUMP Commands 
Jump commands are realized by storing immediate data in the program counter. 
Figure 4.10 shows the Jump command format. Details of the command are shown in 


the next few pages. 


31 30 29 28 27 26 25 24 1918 8 7 0 


BE WS ne 


Figure 4.10 Jump Command Format 
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JMP Imm Unconditional Jump 


Operation Jumps according to address data (Imm). 
Description 


JMP [address] 


Instruction Code 
Imm Data 


142 








JMP Z, Imm Conditional Jump (Z = 1) 


Operation When the Z flag is 1, jump is in accordance with address data (Imm) 
Description 


—— 


Instruction Code 


Imm Data 


> iii 
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JMP NZ,Imm Conditional Jump (Z=0) 


Operation When the Z flag is 0, jump is in accordance with address data (Imm) 
Description 


_—— 


Instruction Code 


Imm Data 


2) ae 
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JMP S,lmm Conditional Jump (S=1) 


Operation When the S flag is 1, jump is in accordance with address data (Imm) 
Description 


JMP S, [address] 
Instruction Code 


Imm Data 


lo 
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JMP NS,Imm Conditional Jump (Z=0) 


Operation When the §S flag is 0, jump is in accordance with address data (Imm) 
Description 


JMP NS,[address] 


Instruction Code 


Imm Data 


X 





Vv & 


7 
as 


JMP C,lmm Conditional Jump (C=1) 


Operation When the C flag is 1, jump is in accordance with address data (Imm) 


Description 


JMP C,faddress] 


Instruction Code 


Imm Data 


No change 


Comments 
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JMP NC,Imm Conditional Jump (C=0) 


Operation When the C flag is 0, jump is in accordance with address data (Imm) 
Description 


JMP NC,[address] 


Instruction Code 


Imm Data 


No change 


Comments 





JMP T0,Imm Conditional Jump (T0=1) 


Operation When the TO flag is 1, jump is in accordance with address data (Imm). 
Description 


JMP TO,[address] 


Instruction Code 


Imm Data 


No change 


Comments 
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JMP NTO,Imm Conditional Jump (T0=0) 


Operation When the TO flag is 0, jump is in accordance with address data (Imm). 
Description 


a 


Instruction Code 


Imm Data 


), 


Za) > 


ak 





JMP ZS,Imm Conditional Jump (Z=1 or S=1) 


Operation 
Description 





Instruction Code 


Comments 


SCU User’s Manual 


When the Z flag or S flag is 1, jump is in accordance with address date 


JMP ZS,[address] 


Imm Data 


No change 
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JMP NZS,Imm Conditional Jump (Z=S=0) 


Operation When the Z flag and S flag are 0, jump is in accordnce with address fd 
Description 


JMP NZS, [address] 


Instruction Code 


Imm Data 


Or 
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LOOP BOTTOM Commands 
Loop Bottom commands repeat one to several steps of a program. Figure 4.11 shows 
the Jump command format. Details of the command are shown in the next few 


pages. 


31 30 29 28 27 0 


ED nt 


Figure 4.11 Loop Bottom Command Format 
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Repeat Process Criterion 


Operation There is no repeat when the [LOP] flag is 0. Otherwise the program 
Description counter returns to [TOP]. 


Does nothing when the [LOP] flag is 0; otherwise, it returns the 
program counter to [TOP]. 


Instruction Code 


b31 


29 27 0 
A} fol EERE EEE RE 1115 


LOP ; decremented when LOP4 0. Ends when LOPS=0. 


Comments 
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1 Step Repeat 


Operation Repeats next 1 step until the [LOP] register is 0. 
Description 


Instruction Code 


b31 29 27 0 


aT fof EEE EE EEE EEE ERE 495 


LOP ; decremented when LOP4 0. Ends when LOP=0. 


Comments After the process ends, PC executes LOP+1 time then ends. 
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END Command 
The END command stops the program currently being executed. Figure 4.12 shows 
the END command format. Details of the command are shown in the next two 


pages. 


31 30 29 28 27 0 


A PEE 


Figure 4.12 END Command Format 
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Operation Stops the program. 
Description 


Instruction Code 


b31 29 27 0 


EEE a 


Comments 
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Operation Stops the program, and sets the E flag (program end interrupt flag). 
Description 


Instruction Code 


b31 29 27 0 


HET aE REE EEE EE ERE EEE EEA 1494 


Comments 








APPENDIX 


This appendix contains a list of SCU register address maps. 
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25FEQOA0(IMS) 
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25FE00B0(ASRO) 
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25FE0080(PPAF) 
25FE0084(PPD) 
25FE0088(PDA) 
25FE008C(PDD) 
25FE0090(TOC) 
25FE0094(T1S) 
25FE00A8(—) 
25FEO0AC(—) 


25FE009C(—) 
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[Aeronym | Aasress [eR [Desorption | 


A-Bus interrupt acknowledge output valid bit 
=0: invalid / =1: valid 
PARFEN == [20FEOOBH | ~— 4 _~| A-Bus refresh output valid bit  (=0: invalid/=1: valid) 
[RRWTS=—|PSFEDOB— 5-0" [asue rest wat romero 
PAOEWT =—s {25FEOOBQH =| ~— 28 | CSO space, external wait effective bit (=0: invalid/=1: valid) 
Ea 2 a Sle a CSO space, previous read effective bit (=0: invalid/=1: valid) 
[RONWS-0 | 25FEOOBO: | 23-20 | CS0 space. normal cycle wait number set bt 
ROS? ——| PEFEOOSO [Te CS coace- or as oat 
FROWPC | 25FEOOBO: | __30_| CS0-space, pre-charge insert bitafier write _————s 
ATEW }2DFEQOBQi =| ~~ 12 =| CS1 space, external wait effctive bit (=0: invalid/=1: valid) 
FAILNT-0 | 25FEOOBO | 3-2 [CSi space, burstlength setbit 
FAIPRD = [25FEOOBQi | — 15 | CS1 space, piesleus read effective bit (=0: invalid/=1: valid) 
FATRPC___|25FEOOBO: | 13 | CSt-space, pre-charge insert bitafterread 
FAISZ —[e0FEOOBGH | OO | CSt space, bussizesetbit_ 
[ATWPC | 25FEOOBO: [14 | GSt space, precharge inser baer wite 
8 | CS2 anaes: external wait effctive bit (=0: invalid/=1: valid) 
ROPRD ——[PSFEOOES! [31 CS2 space, previous read effective bit (=0: invalid/=1: valid) 
[RoW —[25rEOOBs | ——B0_[ C82 space estar neon Dao 
[ASEWS-0_— | 25FEOOB4 [TTB Dunmy space, burst cycle wat number set BE 
Pei = Dummy paces external wait effctive bit (=0: invalid/=1: valid) 
FASNW3-0 | T= [Dummy space. normal cycle wait number setbt 1] 
A a0 : Z Dummy Spe previous read effective bit (=0: invalid/=1: valid) 

13] Dummy space, pre-charge insert bitafterread 

[0 [Dummy space bussizesetot SCS 

14] Dummy space, pre-charge insert bi after wite_——S—S 
rc ____| FEOU8G | 20 | DSP pregram contol por, Garyflag SSCS 
[DACSA [| 25FEO0701 | 20 DMA A-Bus Access Flag (20: no accessi=1: access) 
|DACSB 


0070 DMA B-Bus Access Flag : =: no aeapeei= T: as 
1DACSD.—s [ 25FEOQO/7Qi =| ~~ 22 :~| DMADSP-Bus Access Flag (=0: no access/=1: access) 
|DDMV 0070 Q | DSP side DMA operate flag (=0: stop/=1: operate) 


|-DDWT ss [ 25FE00/Qi | ~~ 1 =| DSP side DMA sean flag (=0: ape standby) 
POSTOP——[25FEDOR | NW 0_[ OWA te.sop bt: DK opetef=T DA fro So) 
IDOEN———[S5FEDOTO | — 8 [DMA level enable bi 0: Disaba/=T Enable) 
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LAW 


DO 0 0014 Q | DMA level 0 starting factor selection bit 
=000B: V-Blank-IN receive and enable bit set 
=001B: V-Blank-OUT receive and enable bit set 
=010B: H-Blank-IN receive and enable bit set 
=011B: Timer 0 receive and enable bit set 
=100B: Timer 1 receive and enable bit set 
=101B: Sound Req receive and enable bit set 
=110B: Sprite draw end and enable bit set 
=111B: DMA start bit set and enable bit set 


[DOGO | 25FEOOTO | ___0_| DMA Tevel 0 start bit (=0: stop =1 Sta 


}DOMOD ss [{ 25FE0014 | ~~ 24 | DMA level 0 mode 5 (=0: direct mode/=1: indirect mode) 


[DOMV | 25FEQOTOT | 4 [BWA evel 0 operating fag 60: sfopet: sia 


DORA OOOO DMA level 0 read address add value 
=0: no add/=1: adds 4 byte 


FDORUP = [ 25FE0014' |  ~=16 |DMAlevelOreadaddressupdatebit = | 


SOREe— 1'DOR26-0 | : : 00 BSFEDDOG— [25-0 DMA level 0 read address 


DO SORT A O00O0 DMA level 0 write address add value 
=000B: no addition 
=001B: adds 2 bytes 
=010s: adds 4 bytes 
=011B: adds 8 bytes 
=100s: adds 16 bytes 
=101B: adds 32 bytes 
=110B: adds 64 bytes 
=111B: adds 128 bytes 


D) }DOWT W OO P20FEOQO/QH | 8 | DMA level 0 standby flag (=0: stop/=1: standby) 


DOWUP— [SSFEO0Ta —|——B- TDA veto rie addess pda BIJ 
[DOW26-0___[25FEOOOS | 26-0 [DMAlevel Owrie address SSCS 
Lee a. Ee 

P25FEOO2Bi | 11-0 


DiEK—— SSFEDOSO— i BEEN ———E- DMA level 1 enable bit (=0: Disable/=1: Enable) 


SET OO Q | DMA level 1 starting aaer selection bit 
=000B: V-Blank-IN receive and enable bit set 
=001B: V-Blank-OUT receive and enable bit set 
=010B: H-Blank-IN receive and enable bit set 
=011B: Timer 0 receive and enable bit set 
=100B: Timer 1 receive and enable bit set 
=101B: Sound Req receive and enable bit set 
=110B: Sprite draw end and enable bit set 
=111B: DMA start bit set and enable bit set 


P20FEQOO3H | CO ( DMA level 1 start bit (=0: stop/=1: start) 


‘Simon —| sees —— 24 DMA level 1 mode bit (=0: direct mode/=1: indirect mode) 
[DIM [25EOO7O7 [BT OMA fever Foperaing Tag (estore 


0020 DMA level 1 read address add value 
(=0: no add/=1: adds 4 bytes) 


RUP /25FE0034 =| ~~ 16 | DMA level 1 read address update bit 
HOTRS6-0—| BSFEOOSO —| 26-0 LOW Tver trea adres 
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) es A O00 Ral DMA level 1 write address add value 

=000s:does not add 

=001B: adds 2 bytes 

=010s: adds 4 bytes 

=011B: adds 8 bytes 

=100s: adds 16 bytes 

=101B: adds 32 bytes 

=110s: adds 64 bytes 

=111B: adds 128 ae 


DIWT ___[25FEOO7CH | __9_ | DMA level 1 standby flag (<0: stopi=t: standby) 
DIWUP____[25FEO0S4 | __8 _[DMAlevel 1 write address updatebt_ SS SSC—=*S 
a 
P25FEO04S! | 11-0 
rSBFEDUSIN | —B-[ BMA evel enable 0. Deebler=7 Enable 


OO Q | DMA level 2 starting ae? selectiog bits 
=000s: V-Blank-IN receive and enable bit set 
=0018: V-Blank-OUT receive and enable bit set 
=0108: H-Blank-IN receive and enable bit set 
=0118: Timer 0 recieve and enable bit set 
=100s: Timer 1 recieve and enable bit set 
=1018: Sound Req receive and enable bit set 
=1108: Sprite draw end and enable bit set 
=1118: DMA start bit set and enable bit set 


P20FEQOOH | CO J DMA level 2 start bit (=0: stop/=1: operation) 
pomop | SErEOOSS — 0054 ma DMA level 2 mode bit (=0: direct mode/=1: indirect mode) 
}D2MV ss 25 FEOO/Qi =| ~—s12._—s«| DMA level 2 operation flag (=0: stop/=1: operation) 


D2RA 25F E0040 8 | DMA level 2 read address add value 
(=0: no add/=1: adds 4 bytes) 


Spot 25FE0054H 16 | DMA level 2 read address update bit 
}25FE004H | 26-0 | DMA level 2 read address 


ee A o- 7 25FE0040 2-0 | DMA level 2 write address add value 
=000B: no addition 
=001B: adds 2 bytes 
=010s: adds 4 bytes 
=011B: adds 8 bytes 
=100B: adds 16 bytes 
=101B: adds 32 bytes 
=110B: adds 64 bytes 
=111B: adds 128 b r 


[D2WT ___[25FEO7OT | ___13_[ DMA Tevel 2 standby flag (<0: stop/=t standby) __——s 
[D2WUP__[25FE0054 | __ 8 [DMAlevel 2write address update bt SSSCSC=* 
OEE Oo lage aie 

[25FEOO80 | __18_| DSP Program control port, Program end interrupt fag 


0080 DSP Program control Bore Temporary stop execution flag during 
program execution 
(=0: don't execute / =1: execute) 
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Address Bit | Description 
P| Pi Pio: dort exsoute vat vscute) | 
=0: don't execute / =1: execute 
ieee deere ee ti, eral DSP Program Control Port, Program Execution Control Bit 
=0: don't execute / =1: execute 
PIMSO {| 20FEOOAGH =| ~~ sOOs*Js V-Blank-IN Interrupt Mask Bit 
FIMST | 25FEOOAG | ___1_| V-Blank-OUT Interrupt Mask Bf] 
IVS | BFEOOAG | ___2[ H-BlankcIN Interrupt Mask BS SSSCSC—S 
FIMS3_____[25FEOOAQi | ___3_| Timer 0 Interrupt Mask Bit SSSCSC~—S 
P25FEOOAG | __5_[ DSP End Interrupt Mask BSCS 
PZ5FEOOAG: | © | Sound Request Interrupt Mask BE SSCS 
IMIS? | B5FEOOAG: | 7 | SMPC Inerrupt Mask BL 
PIMS8 T2OFEOOAG | 8 | PAD InterruptMask Bit 
IMSS | B5FEOOAG: | _9_[ Level 2-DMA End interupt Mask BE 
0 [25FEOUAG | 10 | Level 1-DMA End Interrupt Mask Bt SCS 
P25FEOOAG | 11_| Level 0-DMA End Interrupt Mask Bit 
TIMST2 | S5FEOOAG: | __12_[ DMA Tegal Interupt Mask Bit SSC 
FIMST3 | 25FEOOAG! | __13_| Sprite Draw End Interrupt Mask BSS 
PSBFEOOAG | 15] A-Bus Interrupt Mask Bit OSC 
PESFEOOAG | 0 V-BlaniciN Interrupt Status BSCS 
P2BFEOOAd | 1] V-Blank-OUT interrupt Status BE 
PE5FEOOAd | ___2 | H-BlankIN Interrupt Status BSCS 


t 


STS __[25FEQUAH | ___5_ [DSP End Interrupt Status @——SSSCSCSCS~—S 
IST7__[25FEQOAH | ___7_[ SMPC Interrupt Status Bt SOS 
ISTH __[25FEQUAH | ___1T_[Level 0-DMA End Interrupt Status Bt 
STIS [BSFEOOAH | ___13_[ Sprite Draw End Interrupt Status BRS 


0080 DSP Program Control Port, Program Counter Load Enable Bit (=Q: 
no execute/=1: execute 
[PD3t-0__ | 25FEO0B4i | 31-0 _| DSP Program RAM Data Por 


PR 2 008 26 | DSP Program Control Port, Pause Cancel Flag while program is 
executing (=0: no execute/=1: execute) 


[S_______[25FE0080 [22 [DSP Program Control Port, Sine Flag SSS 


Jas 


i Em 
CO] NI} O 


<= 
o 
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PTENB | 25FEO098__|___0_| Timer Enable Bit (<0: OFF7=1: ON) 
rTO)8)=)——i<iP PAS FEOOSGHH =| 23s: | DSP Program Soul Port, DO Bus Use DMA Execute Flag 
PTOCI-O___[ PSFEOOIH | 9-0} Timer 0 Compare Data 


MID 0098 Timer 1 ModeBit 
=0: occurs at each line 


=1: occurs only at lines indicated by Timer 0 
PTTS8-O_—«[@FEOOSS [8-0 |TimeriSetData ss C*d 
Wy [BS FEDDBO— [19 [ BP Program Conta Por, Gveriow Flag 
PVERS-0__[25FEOOC8 | 3-0 | SCUChip Version Number 
[ZS«*RBFEOOSOK [21 DSP Program Control Port, Zero Flag CS 
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IN D EX Numbers within (_) shows the page of the “First” heading. 


Numeric 

1 command Repeat Execution 0... cesses cseseseecececesesseesesessseeseeseseseseseneseseseenes 89 
Alphabetic 

AS BUS 2x, tris tiart aivaartitneenar teats cade tesa dat odae sb eat aren titten al adauatl vena oem ii 
A-Bus Control Register .......ccccsssssssssssseessssssserseesessessesseesessseserseesesssscesers ee fee Rings 61 
A-Bus Interrupt Acknowledge occ cscs ceseeecscscsssnsescecscsssnsnesesecesnssneseeesenes 61 
A-Bus Interrupt Acknowledge Register .......ccccccccccccceeeececscsssessseeescssenseneesteees 61 
A-Bus Interrupt Acknowledge Map oo... cscscesesescecscsessseseessesssnisneesseees 14 
A-Bus Refresh Register ......ccccccsscssssssssssssseeessscescee ese Mees ccs Mec fees 13, 71 
A-Bus Refresh Register Map «0.0... gamit ccetiraccesecessues 13 
A-Bus Refresh Wait Number ..ci.cccicsccensscsnsseonicsonscerssseesseetsi [fl sorsssesacaSMMRonsaconsaccestion 71 
A-Bus Set Register (CSO, 1 spaces) .....cccsescscescsssegecete sees Rees cals ccscsssesesesses 62 
A-Bus Set Register (CS2 and dummy spaces) ... Mbp fp... MBps cssessssessssestssesssesses 62 
A-Bus Set Register Map ......ccccsccssssscsesseessesesesssseecscssecesssnesecessssesenssseecssnesesesseeeeeaeaees 13 
Access, Interrupt, Standby, Operation Registers... cesses ce ceeeeseeeeeenes 47 
B=BuSiss:) tscxecsavt delves spltatestvasitti teens clay tena haslaclecissiag Bhd cs ete dose coedct eee kite od (ii) 
Blanking Initerrup tists. tts: scariest settee thee ience Seles MMs seve hsuscsest eta cnantorads tesntacespttearens 29 
Block Diagramn....isccicites. aictciieieetleciese evgleess co SMD oisesressceisi saseeceedesnsbadeesdepsususebedsaevatess 3 
Command Ss... secesstietesccssitiscesessespesistan sss AM cap dt ese Mt corse vaa tienen bhteageseopsdeegestabedenents 91 
Commands (1), List of ........... QP -oeo---. SMO ss cee ce cecsecseseccescesessesesesessesessesecensees 80 
Commands (2), List Of ........ fl cccccccccccccc MMs cccccsecessccecsececsecscsecscsccscsacscsassesecesassccacsese 81 
Commands (3), List Of ..........Soescccccsccees MMe cccsccccsssccessccscsececsesscsssscsssscessscsassessssecansese 82 
Commands (4), List Of .............. MRM os sccsccccscscceesecseeccesecsescescsceseseeseseesesseseceesees 83 
Constants; Description Of s:.c:..2si..cecesdsskctstacstesessesebeaces stiesadosessieseslasnecedaebdestosdectsosrasie 90 
CSO Space Burst Cycle Set Value .......cccccccccsesescsteneesesesneesescececesesssneneneseseseensseneeeees 65 
C50 Space BiUrst Lene hl Scmyy mmm cles acces. Saif des cnt Salt utes cast Yor aaemn hcbactabbucdevaunecetetan 65 
CSO Space Bus Size SetQyelure .........cccccsccsssssssesecesssscsessesesssscsersesessasssorsesesessasenonsnsessaes 66 
CSO Space SHMBTE Cycle SQBV ale ......csscsscsecseesssssteeeesessstsseesesessssssersesnsessasenonersesenes 65 
CSO, 1 Space A-Bus Set Set Register .........cccceeeessseeeescseeecseseeeesssseecsenseesecseseeessesees 62 
CS1 Space Burst Cycle Set Value .......cccccccccecscstsnetesesesneesescecenesescsnsnessesesneeseseeeees 67 
CS apace Peale cin: Set Vale sass tssesesnabataercavapadis am easasstiongesnayisongnonptadanngidayennss 68 
CS1 Space Bus Size Set Value oo... ccc cece ceeeseecececessesnesesecssesseesesesesensneseseseenes 68 
CS1 Space Single Cycle Set Value ......ccccccccscseestensesesssneeescecesesescsnansneneseseeeeneeeees 67 
CS2 Silage Butt Cycle Vale ......ccceececccccccsstecsesescensntasensssnenescessesaancactasatsscasenessenereees 68 
CS2 Space Bus Size Set Value .......cccccecccesescceescsestsnsesesesnesesescececescscsnanenesesesneeseneeeees 70 
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Data Write Example (Indirect Mode) 0... cssesesscsesssstesssececeeseseessseseseeececueneansneeceseeanens 23 
Difference in DMA operation by Address Renewal Bit ............ccccccecseteteseeesteteeees 22 
Difference in Timing by Setting External Wait Effective Bit... ccs 64 
Direct Mode DMA Transfer Operation ........ccccccceeeseccsceeseeecscssseseseececsssnsnsnecseeses 18 
DMA: Enable: Repistet cscs. sissststissevevisetessssveoriteceessob ste. sesvapiedecestainrys sratanstyigenatesvise reeeayes 45 
DMA Command Execution ......cceccceeseecscesssssssesessssssssesesesssssssesesessesseeseseseesseesees 87 
DMA Command Format 1 oo. ceccccceesenescscsssesesescscssssssseecscssssssssscecssensneneseeanes 132 
DMA. Commiand Format 2:ssstecssuiticotvessstets scssenecosscesspiavtestenest de aentaeetye de taeeaseeerents 132 
DMA: Control Register 23. ....saistin fleet ositigtths Naaveaadle tiestall audit tat acters 41 
DMA. End Interrtipt sicsicctsicscdecteteceatt Gest iteetiels dnlnndieieidlasdedidlasitdladsuni sll 33 
DMA Force-Stop: ReSister sities cosas asttenesesretoveneccndirenaiat eerie eeneaptelte area Me 8 47 
DMA Force-Stop Register Map......ccccccscsssscseseeecsesesescssesesesneeesecsseesseeesssenesteecseeeeeees 8 
DMA Illegal Interrupt .........cccccsecsssssessesesssssesenssesesssssenssesesssasseneesessscecse ess Mrees sooth 33 
DMA: Mode i stess.ey: cates eernnslietuanttl Geneckltetieplecseesthivheciatt ap nie Rotel 18 
DMA Mode, Address Renewal, Start Factor Select Register .........00 kee eee 46 
DMA Status Register ..........cccccscesessssesseessenesecessenssesseseesseeseresse SRM os cece eR: 47, 48 
DMA Status Register Map........ccccscsscseessesessecssensseessseessesseseessagsseessee se Mbgse cer sensseee es 9 
DMA Transfer (Basic Operation) ........ccssssesesecssessssssseeseseseeeeesneneneesencieassssnesceeeeeseeees 16 
DMA Transfer Execution by Address Add Value Set ......ccccccccseseststeteesssteteieneees 26 
DMA Transferable Area when Started from DSP ..0.... css ects seen 17 
DMA Transferable Area when Started from Main CPU .......cuccee eee 17 
DMA Write Address while Stopped ...........- ummm: s+se NQDpgoesssseQlMBssccessssssssensssensssensees 46 
DS Po sicessetsites cnesteapiiedarsay dpa ra wtih eel ois rites osevenaaittennsieaterasenents 34 
DSPeGontrol POrt ces ei iectessscees cece cceae Sen MM Lede seit eiakee et MMB se ceip dt cdae adie teoeeeagashetevee eats 51 
DSP Data RAM Address Port ......ccccccscccssccssscensecesceessceeteesecesseceseecsseeeaeecsseeeseceesees 10, 53 
DSP Data RAM Address Port Map ...cccccccceccscseesesescecsseseseececssessssnesesesssssenesesenenes 10 
DSP Data RAM Data Port... ccc ccccsesseseneesssesesecessesesensssescsesesesecssseeenscsssesseseeeseneeeeees 54 
DSP Data RAM Data Port Map... ccccceeessesesesesseeeeceeseeecessesesesssseecssneeeseeseneenseenees 10 
DSP- End: Interrupt secsssetsccceuscsticcs Nps Me oot csceess sb eth esvsssbnt seatauinys ce nunsapbeesesisasede evevenes 33 
DSP Program Control Porta, ..:+1++++-Mgipgersresessssesessesssssseseeeeessseseseoesreaseneeseeeenssneseseoeensaas 9 
DSP Program Load Step 1 oo... cccccccssessesetesesceseseeeecenesesesesnenesesescecesesescenanesesesesneneneseees 34 
DSP Program, Load Sfp 2 ...5B. 1B ccscscsscssssssssssvsssesensssessssssssvesessssesvecevessssseseseveveaes 35 
DSP Program Load Step 3 ....eccccsessssssescscecesescsseneeseseseenesesescecenesesssnasnesesesesnessseseeeaney 35 
DSP Program RAM Data Port... cecccscesesescnsesesescenececseseeesseseseseseeceessseeesanaeees 10, 53 
DSP Program RAM Data Port Map ou... ccccececseesesenssseeesenseeeecseseeceesesesesacseecnsneeeeenees 10 
Dummy Space Burst Cycle Set Value .......cccscscsseseesceceseseeceneesesesnsneeseseecenescseeeenanes 71 
Dummygfilpe Burstedth Set Value 0... cece cscs eetsseesseetssesssessesssssnssesses 71 
Dummy Space Bus Size Set Value .......ccccccccescstensesesesneeseseececesesesnenesneseseeneseneeeees 72 
Dummy Space Single Cycle Set Value .........cccccsceceescscesesescenetesesesesneeeseecenessseeeeanes 71 
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Example of transfer between SCU and Processor... ee ceeeeeseeeeeseenes 44 


Features of Data Transfer to DSP from DO BUS ..........cccccecccsseceseeeseceeecesseeesaeeesees 87, 88 
High/Low Level DMA Operation gsaiisobostssinyanidl Setiemnmdaday itaioatastadods 48 
Indirect Mode DMA Transfer .0.......c ccc ccsstetscseeseetecssseensensssnsnenessenseesssssassnsesssesaneeen 20 
Indirect Mode DMA Transfer FIOW ou... cece secs ceeee cesses cecseeecsserseesscenessssauetienes 19 
Interrupt Control Register sesss.cistscncses ec pense eviuistlins noes tetas tbe gees 57 
Interrupt Factor .........scsecssesssesssessseesseesssesssesssecsenesesessenssesesseetseesssaseseerseeseerse ces aaiiiigs 27 
Interrupt Factor, General Name ou... cc ceeseececscseseseecececsssnsnssesecssanssteeceeenes 28 
Interrupt Mask Register .......ccccccsssesssesesssssesesesesssseteceesessstsssenesesssssssesesreeMeeseres soe 57 
Interrupt Mask Register Map .....c.ccccccccccccesesescscscsseseecscscsssnsescecscsssssnesecscssesieeceseeenes 12 
Interrupt Status Register ........cccceecceseesseesesessesesescsseecececsesesesscsesessnseseseaseceessseeessegees 58 
Interrupt Status Register Content ........ccccccsesseeesescsseeeecscseeecseseseeeesaeecsaanecesseeeeseesees 59 
Interrupt Status Register Map ......ccccsccesesessesesescsseececscseeecssssseesessecsenasecesseneeeesesees 12 
Jump Command Execution .....cccccccccecececccscsesesescscscsesesescssscsssesescsessnesesescseseseseseseees 85 
Jump Command Format .......ccecscseessessssseeeeseseamuaese sess Ami eeseesese Mis seessserreseens 141 
Level 0 Transfer Byte NUMDET .........c.ccsccesesceseseseeestesesesesnsnesesesseceesesesanesesesesneneneneees 42 
Level 2-0 Address Add Value ou... cece mies eee Rp sccsaescsnecensneesecseenen 42 
Level 2-0 DMA Authorization Bit 0. ceessesecccssnsnesssesseasnensessscsecceceecusneanseeseescesees 45 
Level 2-0 DMA Mode, Address Renewal, Start Factor Select Register ................. 46 
Level 2-0 DMA Set Register Map ........ccccccccscnssesesescsssssesesesessssesesesesesssessseseenesesesess 8 
Level 2-0 Read Address wo. gem se RD sce cscsesetscsneceesesssseensonsseneneen 41 
Level 2-0 Write AdreSS oo... ccc i cece cM ccstseenscusssnssesesssssesssseensnsenssecenseen 41 
Level 2-1 Transfer Byte NUMD€L..........ccccccccecsteneneesesesteseseseececesescseeanenesesnsneneneeees 42 
Load Immediate Command Format 1 (unconditional transfer) ..........c:cccceeeeee 120 
Load Immediate Command Format 2 (conditional transfer) ..........ccccccsececeeeeeees 120 
Loop Bottom Command Format ......cccccccececcceeseseececseseseseececssssseseecesssessnenesseees 153 
Loop Program EXecCution ........cccsssrssrevesssssessesesenessecssenssecsssensseesesseesesseeeseeveceesensoeceees 86 
IV Nea tng UI ss eases eee sen ramen ee, coe Senses chs caer enemy a haces ad tesa Aceacae dae ese outa i 
Operand Exe cu ti GiQiy Pembina ss .:ssssssscsssssssssssssssessseessseessseessseessessssesssssssesseseases 85 
Operation Commannd@gorginat ........cccccscccssssssesesesssssseesesesssteseesesessssssesoesnsessasenonseseseats 91 
Reel ORV ACS RE cceichg od loses cha tactecsh gael shaaaet ehlaaecahe Dae ahanteeden OTA Tete 5 
PAD Inte rit pt ..... gaa. Shecssssccsssnssecsesesssessesesssesseceseaesecsssessseesesesssesseecseeeseeseasseenes 33 
RAM Page Select, sis. cMh ies toscins Weasa selendan orcas eenaaetedeladiagia aust a edae tier! 53 
Read Ad digs Add Valle ......ccccccccsessscssscessscsssssssecssensssensssnssesessssesnsscssecsnseussenssenen 43 
Registers, List Omer... .cccccccssccsssssssssesesssssnssescacecensusssansnsnesesescessseaascenscssseasanensseneesees 40 
Results of Previous Read Process ......cccccccccecccceeeececscsesesescececessssnesesecesessnesesesenenes 63 


SCU User’s Manual 


169 





SOU is ate. Sik tise See chek. MRE AI A Mlchistia tei diestven oui niaen dial bed cena i 
SCU Control Register wise cscsiesiiileeinn aes alias sald aan etiel earnest 73 
SOU Mapping (CACne Ada ress): actin ceiaetlct cunnirasveg al cossveolavidsduanleluetsemaa irra tei ton 4 
SCU Mapping (Cache_through_address) 00.0... neeseeeeneneeeeneeneneane 6 
SOU OVEFVIOW -iactisivavsaysavievstst ote sovnes chal snnuavaapietgans gu bs awaseapelSsevesab tues toussealyt seasons coagessaubes 2 
SCU SDRAM Select Register Map ....cccccccccccccseseescscsseseseecscessssssnecessssssnsnesesesees 14 
SCU SDRAM Select Bit ::.:scccsciccs.gcacin Giscccdbsccteds cb cucdhss sbeesaaesiesslblsnadecadstonecudacstdetseseaes 73 
SCU Version ‘Resister Map vacisst sisi sasseth ceseccuantocromarnabedn nits tenia aaeess ta dhaglsetenisins 14 
SCU Version, RESister s.5e:tr.setieestess se ctiee tists ered atiteasssahd caseend daeegentedus tes tal ates ess deo ae 73 
SMRG cage stat nia bh Aeneueue Gained abl asia btn atime nbladiaies: lll ii 
SMP @ Interrupt isiesacay.s eaten eosin, etteasttiniee.arnieoabaeterantia enw iatey athena Mss 33 
Sound Request Interrupt .......c.cccccccccscsseseescecesescseecenesesesesnsenesescecesesesesaneseseasseensneseses 33 
Special Process Execution .......cscccsssssssssesesssseseeesssessssseessesesssassessesesssseese ees Meees se Mh 89 
Sprite Draw End Interrupt 0... cscs sesssssscssesesssssssseesrsesssscsereeseagPessersesesMeoreesrsrsead 33 
Start FActOr ........cccsesssesssessessessseeesseesseesessessessseeseneseseesensseces sense tess Mss ee 46 
Subroutine Program Execution... ccc cs cesesescscscseseseecececeseesescscecsssnesteeceeees 90 
System ConfiQuration .....ccccccccccccsscssssceesecescssecseeesecnecssessanseeceescccsssesess MDa esseseeeecseens 2 
Timer 0 Compare Register ........ccccsccsccsssscsesesssensesesesesseececseseseeeesssescansseessseeeeecisees 11,55 
Timer 0 Compare Register Map ......c.cccsccccesesessssesssensesescsessseeecssaeeeceeseseseeessecsseeseeciees 11 
Timer 0 Interrupt Degree of OCCUFTENCE oo... ccceccceeeseceeeeteeesesescseesteaescececsssnsneseeeeenes 30 
Timer 1 Interrupt Degree of OCCUTTENCE ......cccececccecees ese eeesescececeeseseetecscesensneseeeeenes 31 
Timer 1 Mode Register ........ccccccsseeseessssss segues ess MGRage ose ceghMievesesssssesesrsrnenes 11, 56 
Timer 1 Mode Register Map... Mboosseececscsseevevsssssvevesesssssevesesessssssseveoeseaes 11 
Timer 1 Occurrence Select Content .....c.cccccccccccceeescsceeseseseececscsesesnecececssensneseeeeenes 56 
Timer 1 Set Data Register ........ccccccsesessssesssenesesescscsensceesesesesesesesseeesecseseeesenseees 11,55 
Timer 1 Set Data Register Map ......ccccccecessseesssesssesesescscsesececsesesesessesesesaeesecssseeseeaees 11 
Timer Operation Content ........ccccecccscseescsesesessssesescsseseecscsesscecseseessssesesenseesesssneeseeaees 56 
Timer Register ........:.ccsscccsscssees NG macs sseseeceseatsecesseeseeseseseseesseesenssesesseatseneees 55 
Timing when setting pre-charge insert bit after Read ou... eee 63 
Timing when setting pre-charge insert bit after Write .....0...0.. eee 63 
Timing when Writing 952 BurgiQiQiggcle WY... ccccccsssscecsseetsseessesesesssescsnsssnseeesses 65 
VDP vecscitt canted: Bian MR ca BB eieesinataey se eearirhaaaitt teal dae iiyliaeite i 
MDD 8 fevsscetcactee Aes tse Nee SE laa aM tbe ted tie Mii San ALE teste ce eee, Aa Se A i 
Work RAM Area Contents oo... ceseeesesecssssseesesesssssssesesessssssseseseseseseseeseseseseeees 24 
Write AddregfA ddl \AMUe: ....gacstscstssscvsceepessepunsvansiyettacesiantieeeusuian segesepsteerntaeatieeesess 43 
Write Address Add Value Indication ........cccceeeesseseseeeeessesssssenssesssesessneseseesesens 45 
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NOTE CAL I: Opera) la castel destnisatentih ca nceamteeeletieath nt tit ents Meehan ata 93 
AN Dyresecscediesters i sisckts tet otk as end ies Mae eet Reet ie oak Shalala etna 94 
OR  eceiiietenncod testes hate te ateh eal aieeeata dese da hav alts eaten cone ie ate Ses 95 
KORG eerie wk fos eek Sosa thas de es i Gis BS a ee Hh os 96 
PID ID cs seatee Bocas see es Pes boced sank lassetleaneta cata i east, Ea Ces A oss tates Oe eke ae toast ish 97 
SUB: czas rca yencs recs e sepa he doled ase os ae as esas eos eats wba reeks Paden a aN ss asic Abeba oh eae 98 
AD 2 tos eevee teat toden vii Shee cee taint erdeeivnn hela Boo bot Atlee sessed deed cobleai ate dantn list 99 
RR as tdhecass Sed deces nn ss os Sans ohetetad cos De anteseeens tah sk Nets chest hares i tonatalecpeunshuttceedanaletnedes 100 
RR ivitiecrctercitts dh ASehcaettes eats heise ine adn een Mende aed otneangl 101 
Slit asaneatien ae. wai tigee died ow Gia ben wh Sai ine elie 102 
Rhindieneneetitia ate eG ek Ges el Sh Tether ecteee ea esa hens tn ho 103 
hd Etc Seer ee ee ee Oe aR ee ee re 104 
NOP (X-Bus Operation) .0..........sccccessssesesesesessececesenenececesessesesenereengpeseessesteMibeeeseseseees 106 
MOV [s] ,X .cscssscssssccssccsssccscsecscssescssescssesensssscessessesessecessecesceecsceee pees. Mis... SRR 107 
MOV: MUL  Diteetescecesceeccciesievcsisestsvteses dette coves iencetndeceusstoevesises1sey 6: SMM SS: foes MMS hoes 108 
MOV. [Si Piss aiceeiatee di c.iodeelel nies ain bea Sais Bees eee 109 
NOP (¥-Bus Control) ccccocsssssssssssssscsssseovesesssessssscecceesecsesceseeseseerff? MMi ccccssNecnesssnsees 111 
MOV. [S| i5 ¥ txsectitentintevices ceieicee etn eee RRS es ee 112 
CLLR A perros ernie eh Seen et See, tecteee tele ce cobs egestas 113 
WOMAN ODay. eee a te ete Reena eS AMINED, Ventre nn ee TT 114 
VC a Len oe cee nnn 115 
NOP (D1-Bus No Operation)... ssssssseseessssseceeeescessanencecseseeseseseseeeeecuenensansneeseeaeens 117 
MON: Slamniiy. (al tetas eaten tenet iln et Me tenec WAM asi Gee etnies 118 
CLA Cl enh, Ce Jaren m ence eset ane 119 
DAV lati pce [acai sence ossorisntat escola. emma csr eg MO tececaeh aan 121 
DAMA els Tiniig Zit secede cee Stesn Shoat dh sea aa Phe de Ss cose Teka etna es Haat es sewesets 122 
MVI Imm , [d] , NZ................. mms senses necscssescaeescssescssescssesessesessessesesseaees 123 
MV Imm; [dl] 5S: sac. 38 isc Me RP So sesse seca eosin SM hota oe aed 124 
DMV Tian 3 [lel INS eee a see Ses ae Sa ds SUN dint a atid OM Ca sas 125 
MV I Tina 5 [di] $C ee esses ig sd es cece tied anecsbed as cedes dea canescdbeeveebincinee 126 
MVI Imm, [d] , NC 0h... ME Bcc ccccscsssecscsscscsessesseecsanscsascassesassneaees 127 
MV I Tanai: [| TO en Ms sess sees ce cgi wos sasce acces Seo cdacdessebeosasechedteacoceden ose eles dues dastosee%e 128 
MVI Imm , [d] JNTO ....... RMI ccc cccccceccssssssesscsssccseccscnsescseescasscsseaesssscssenesanes 129 
MV IJ: [Qi ZS Ml «oi sons atests hed Se dasseeceels Succeeded Aids eianeeet wiles 130 
DAV I Taian: 5 OR os oS Me Ses hes eh ads he EG 131 
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POIVEAC OG [RAI] 5 Bari coseraitaat Sedo sncve es val ciee at anal ttiesedace ce tieutas 133 
DMS: [RAM| 100 /Sliinagasel oat nenihd tahoe ac lastuenshcacauses 134 
DWIAG DOS TRAM A sl oiceseseensstas bans Scodetltestundt avin ton ares Ronebeal iomveane tient 135 
PSII | OAT EM TSI es vote rcrasctaatde rest nachna warner uote eee ems 136 
DIMATH-D0:; [RAMs Slttinctaiucriciiacosanie aiaienicccnnley dees 137 
DMAH [RAM], DO, SIM ..vsssseccsssssscsscsssssssssssecssssecsssssssssssessesseceesesssssssnveesiessseeesese 138 
DMAH D0, [RAM], [8] ...ccsssscsssssesessccssccrsessesseeetsceseosseensesnnenssecneerseeneemeensseeniii 139 
DNIAEH (RAIMIS DO: [S|Sicakibindste acd svahouagambwieatsantemeeeoe 140 
PIVEIP Temata atts dsalen rrotnan doueraal sebndiaelteadanltencieeies noon i en anteater al tee 142 
{AEC rahe eR eT ee eT Cr ere, ene 143 
aaa ee ai 144 
JMP S, [nm cscssssssesssecccccssccsssssesssscscossecesensssesssessesecrensensesseensssesesseeee neh. MM sooeee 145 
SNC. a, Lay Ae 146 
IMPS C aintitscctid ciehusasnuneciacitinn hence nce glee ible ce Aes 147 
PMP NC, mm cescessessssccccssscesscssesssesesccsecescnsssssseessosscorsapsssssese Ap cscerscssse PB tecseceseessessee 148 
LOS rt ey a i | A 149 
[MP INTO; Taian sstautscneiaiamciacnsc RM cs pecans 150 
PINE ZG Tai 558 posers Pn Daan desdusaslo See Barcaprcucssls thse Mnaorees ls dapetaewsenlete ds 151 
ILE CASES Tt EE ANCE Aileen Cement yee ree 152 
BT Micdcch dnaohen seas Suasiamhineates MME bmtecston candi in Mt Soc has 154 
DS pala arated those steal te eal ahaa tase alaiee CM celal isa Aahassesiaalyalepaantineey 155 
PNUD stecosstastenten tanec cess hts, nacteesaraattt MMP od cote MM ec emeca Aaah cath desis ease aee 157 
EMO) gece solssuaemiaticn eae teceeaat ith Ng ors A oe ooealaciaia anaes 33, 158 
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